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PREFACE 
This  r epo r t  i s  a sequel  t o  B u l l e t i n  586, which summarized 148 years  of 
c o a l  mine explosions up t o  1958, Although i t  was impossible t o  repro- 
duce t h e  drama and depth of t he  1959 r e p o r t ,  the  present  au thors  attempt 
t o  fol low the  same format,  s o  t h a t  t h e  reader  w i l l  have a continuous 
record f o r  another  23 years ,  
Even though t h e  frequency and s e v e r i t y  of major coa l  mine explosions 
have been reduced dramat ica l ly  s i n c e  t h e  e a r l y  days, problems remain and 
t h e  t h r e a t  s t i l l  hangs over t h e  heads of t he  miners and opera tors ,  For 
example, 28 miners were k i l l e d  i n  3 explosions i n  December 1981 and Jan- 
uary 1982, t oo  l a t e  f o r  t h e  acc iden t s  t o  be f u l l y  reviewed, 
Included i n  t h i s  summary a r e  ana lyses  of t h e  causes of i g n i t i o n  and 
explos ions  ( t o  t h e  ex t en t  known), and a b r i e f  review of how modern min- 
i ng  methods have changed t h e  na ture  of hazards encountered and how safe-  
t y  research  and enforcement of s a f e t y  r egu la t ions  have cont r ibu ted  t o  
t h e  reduct ion  of d i s a s t e r s ,  Also included a r e  b r i e f  reviews of t he  Fed- 
e r a l  mine h e a l t h  and s a f e t y  a c t s  of 1969 and 1977, with an e s t ima te  of 
how these  laws have a f f e c t e d  t h e  coa l  mine explosion problem, The Mine 
Safe ty  and Heal th Administrat ion (MSHA) has increased  s a f e t y  i n  mines by 
more f requent  and more thorough in spec t ions ,  and by assessment of more 
seve re  p e n a l t i e s  f o r  noncompliance wi th  s a f e t y  r egu la t ions ,  Hopefully, 
hazards can be reduced s t i l l  f u r t h e r  through cu r ren t  research  a t  t h e  
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HISTORICAL SUMMARY OF COAL MINE EXPLOSIONS IN THE UNITED STATES, 1959-81 
By J. K. Richmond, G. C. PriceI2 M. J. Sopko, and E. M. Kawenski 
ABSTRACT 
This  Bureau of Mines pub l i ca t ion  p resen t s  i n v e s t i g a t o r s '  r epor t s  of a l l  
major coa l  mine explosion d i s a s t e r s  t h a t  occurred i n  t h e  United S t a t e s  
from 1959 through November 1981, along with a b r i e f  ana lys i s  of common 
f a c t o r s  i n  these  d i s a s t e r s ,  The r epor t  reviews the  Federal  mine h e a l t h  
and s a f e t y  a c t s  of 1969 and 1977, and d iscusses  how implementation of 
t hese  a c t s  has reduced the  number of both f a t a l i t i e s  and d i s a s t e r s ,  
Current Bureau h e a l t h  and s a f e t y  research  is  summarized, and an appendix 
l is ts  most of t he  i g n i t i o n s  and explosions i n  the  period of record, 
l ~ u ~ e r v i s o r ~  research phys ic i s t ,  Pittsburgh Research Center, Bureau of  Mines, 
Pittsburgh, PA. 
 inin in^ engineer, Safety Technology Center, Mine Safety and Health Administration, 
Pittsburgh, PA. 
3Research chemical engineer, Pittsburgh Research Center, Bureau of  Mines, P i t t s -  
burgh, PA. 
Ich ie f ,  Industrial  Safety Divis ion,  Safety Technology Center, Mine Safety and 
Health Administration, Pittsburgh, PA. (Ret ired) .  
INTRODUCTION 
I n  1959-81 t h e r e  were 20 major explo- 
s i o n s  i n  U.S. c o a l  mines; i.e., explo- 
s i o n s  i n  which 5 o r  more miners were 
k i l l e d .  This  pub l i ca t i on ,  a  s eque l  t o  
Information C i r c u l a r  7900 (9)  ,5 repre-  
s e n t s  a  j o i n t  e f f o r t  by t h y  Bureau of 
Mines (BOM) and t h e  Mine Safe ty  and 
Heal th  Adminis t ra t ion (MSHA) t o  inc lude  
i n  one document both t h e  r e p o r t s  of 18 of 
t h e s e  acc iden t s  and r e l a t e d  r e sea rch  and 
suppor t i ng  information. Two acc iden t s  i n  
December 1981 and one i n  January 1982 
occur red  too  l a t e  f o r  t h e i r  f u l l  r e p o r t s  
t o  be included. 
Accident r e p o r t s  i n  gene ra l  came from 
BOM o r  MSHA inspec to r s  and/or f i e l d  in- 
v e s t i g a t o r s ;  BOM t e c h n i c a l  personnel  
sometimes con t r ibu t ed  a d d i t i o n a l  data .  
Most of t h e  r e p o r t s  of t h e  18 major ex- 
p lo s ions  of 1959-81 a r e  p r i n t e d  h e r e i n  
verbat im,  a s  a  ma t t e r  of h i s t o r i c a l  rec- 
o rd ,  with occas iona l  comment by t h e  
p r e s e n t  au thors ,  by foo tno te  o r  i n  t h e  
a n a l y s i s  s ec t i ons .  Unfortunately , much 
r e l e v a n t  information,  e s p e c i a l l y  i n  con- 
nec t ion  wi th  t h e  l a r g e s t  d i s a s t e r s ,  is  
not  a v a i l a b l e  because of s e a l i n g  of mines 
o r  because of l i t i g a t i o n  and impoundment 
of records  by t h e  cour t s .  
It should be pointed ou t  t h a t  t h e  most 
v i o l e n t  explos ions  ( r e l a t i v e  t o  e x t e n t  
and proper ty  damage) d i d  not  n e c e s s a r i l y  
cause t h e  most dea ths  because sometimes 
t h e r e  happened t o  be few miners under- 
ground when t h e  explosion occurred. It 
should a l s o  be noted t h a t  a l though mech- 
a n i z a t i o n  has  tended t o  decrease  t h e  
acc iden t  r a t e  per  ton  of coa l  mined 
(because of h igher  p r o d u c t i v i t y ) ,  i t  has 
had less e f f e c t  on t h e  acc iden t  r a t e  pe r  
miner-hour worked. 
A l l  i g n i t i o n s  and explosions provide 
u s e f u l  and necessary d a t a  f o r  s a f e t y  
research.  This  r epo r t  de sc r ibes  s a f e t y  
r e sea rch  t h a t  is d i r e c t e d  t o  both long- 
and short- term so lu t ions .  
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MAJOR EXPLOSIONS, 1959-81 
PHILLIPS AND WEST COAL CO. 
NO. 1 MINE 
ROBBINS, TN 
MARCH 23, 1959 - 9 KILLED 
(SEE FIGURE 1)  
The mine was c l a s s i f i e d  non-gassy by 
t h e  Tennessee Div is ion  of Mines,G Pre- 
s h i f t  , on-shaf t , and weekly examinat ions  
f o r  ga s  and o t h e r  hazards were not  made. 
No flame s a f e t y  lamps were a v a i l a b l e  a t  
t h e  mine.7 
bnderlined numbers in parentheses re- 
fer to items in the list of references 
preceding the appendix. 
6~~~ classification not available. 
The f a n  was s t a r t e d  each morning sho r t -  
l y  before  t h e  men en t e r ed  t h e  mine and 
stopped when t h e  s h i f t  was completed, 
This f a n  was not  i n  opera t ion  between t h e  
completion of t he  s h l f t  on Friday and 
6:40 a.m. Monday; t h e  explosion occurred 
a t  approximately 7:30 a.m. E ight  of t h e  
inby e leven  s toppings i n  t h e  main e n t r i e s  
were cons t ruc ted  of b r a t t i c e  c l o t h  and 
t h r e e  were open. There was a l s o  a 32- 
inch  opening i n  one of t h e  permanent 
s toppings 550-feet outby t h e  f a c e  of t h e  
e n t r i e s . 8  
gassy classification. 
8~ source of leakage. 
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FIGURE 1. - Explosion area, Phil lips and West 
Coal Co., No. 1 Mine, Robbins, TN, March 23,1959. 
Methane g a s ,  be l ieved  t o  have been l i b -  
e r a t e d  from a f a u l t e d  o r  "pinched" zone 
occur r ing  i n  rooms ad jacent  t o  t h e  a c t i v e  
working area accumulated during t h e  p e r i -  
od t h e  mine f a n  was down. When t h e  f a n  
was s t a r t e d ,  t h i s  ga s  migrated through 
t h e  b r a t t i c e  c l o t h  s toppings and/or open 
c r o s s c u t s  t o  t h e  haulage road where i t  
w a s  i g n i t e d  by a rc ing  when t h e  t r o l l e y  
wheel of t h e  locomotive l e f t  t h e  w i r e  
o r  by workers smoking. A l l  n ine  men 
underground d i ed  of burns o r  tox ious  g a s  
fumes r e s u l t i n g  from t h e  g a s  and d u s t  
explosion.  
V I K I N G  MINE 
TERM HAUTE, I N  
MARCH 2 ,  1961 - 22 KILLED 
(SEE FIGURE 2)  
An a i r  dus t  explosion,  o r i g i n a t i n g  near  
t h e  i n t e r s e c t i o n  of 4-North Right "B" and 
8-East Right "A" e n t r i e s  i n  t h e  4-North 
s e c t i o n  of t he  northwest angles ,  k i l l e d  
2 2  of 55 workers underground. The flame 
a r e a  encompassed most of t h e  4-North sec- 
t i o n  from t h e  t r a c k  e n t r i e s  i n  t h e  mains 
inby 6-East and 7-West, 8-West, 7-East, 
and t h e  f a c e  of t h e  mains. Forces oc- 
cur red  from the  mouth t o  t h e  f aces  of 4- 
North, a  d i s t a n c e  of 1500 f e e t ,  and 
throughout 6-Eas t , 7-Eas t , 7-Wes t , and 
8-West. A l l  workers i n  t h e  4-North sec- 
t i o n  were k i l l e d  while  workers i n  o t h e r  
a r e a s  of t he  mine escaped uninjured.  
The mine was c l a s s i f i e d  gassy.  Evi- 
dence showed t h a t  t h e  a r e a  where t h e  ex- 
p lo s ion  o r i g i n a t e d  had encountered sub- 
s idence  from t h e  underlying mined out 
Nos. 3 and 4 c o a l  seams. This  may have 
inc reased  methane l i b e r a t i o n .  Coal 
s p i l l a g e  and lack  of adequate rockdusting 
i n  t h i s  a r e a  added t o  t h e  s e v e r i t y  of t he  
explosion. The inby door of t h e  a i r l o c k 9  
i n  t h e  6-East w a s  removed during material 
recovery ope ra t i ons  which would sho r t -  
c i r c u i t  a i r  from t h e  r i g h t  s i d e  of t he  
4-North working s e c t i o n  i f  t h e  remaining 
door  a t  6-East were l a t ched  open. The 
l i n e  c u r t a i n  i n  8-East Right "A" was re- 
moved when t h e  continuous miner moved t o  
t h e  4-North Right "B" en t ry .  These con- 
d i t i o n s  could have permi t ted  methane t o  
accumulate. 
Permiss ib le  equipment i n  t h e  a c t i v e  
f a c e s  of t h e  explos ion  a r e a  cons i s t ed  of 
J e f f r e y  Colmols and Joy Loading machines; 
nonpermissible f a c e  equipment cons i s t ed  
of Joy 6SC s h u t t l e  cars .  However, t he  
permiss ib le  equipment was not maintained 
i n  a  permiss ib le  manner. Smoker's a r t i -  
c l e s  were l i s t e d  among t h e  persona l  e f -  
f e c t s  of many of t h e  vict ims inc luding  
t h e  foreman. Underground employees were 
no t  searched f o r  smoker's a r t i c l e s  before  
en t e r ing  t h e  mine. E i t h e r  an e l e c t r i c a l  
a r c  o r  open flame could have i n i t i a t e d  
t h i s  explosion. 
Y"stopping wi th  door" on map. 
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FIGURE 3. - Explosion area, Blue Blaze Coal Co., Mine No. 2 ,  Herrin, IL, January 10, 1962. 
ROBENA NO. 3 
CARMICHAELS , PA 
DECEMBER 6,  1962 - 37 KILLED 
(SEE FIGURE 4) 
Two explosions,  the  f i r s t  a t  1:05 p.m. 
and t h e  second a t  1:25 p.m., o r ig ina ted  
near t h e  faces  of 8-Left 4-Main e n t r i e s .  
Thirty-seven miners were k i l l e d  i n  the  
f i r s t  explosion. 
The customary system of development i n  
8-Left was t o  advance e n t r i e s  from the  
r e t u r n  a i r s i d e  of the  s p l i t  toward the  
in take  o r  from l e f t  and r i g h t  toward the  
center .  En t r i e s  0 ,  1, 2, 7 ,  8 ,  and 9 be- 
ing  r e t u r n s  and 3, 4,  5, and 6 intakes.  
To f a c i l i t a t e  development of e n t r i e s  a t  
90" t o  8-Left t h a t  would i n t e r s e c t  a 
r ecen t ly  sunk s h a f t  (Kirby), the  cus- 
tomary system of en t ry  development was 
changed. The in take  e n t r i e s  were ad- 
vanced t o  ge t  t h e  r a d i i  driven f o r  t r ack  
and expedite  the  construct ion of over- 
c a s t s  t o  permit s p l i t t i n g  t h e  a i r .  These 
changes adversely af fec ted  the  f ace  ven- 
t i l a t i o n  permit t ing a methane build-up. 
The methane was ign i t ed  by an e l e c t r i c  
a r c  from an open-type fan ,  car-puller  
motor, fuse,  f r i c t i o n a l  hea t ,  o r  sparks 
from b i t s  c u t t i n g  through a clay vein i n  
the  f ace  of s l a n t  between Nos. 7 and 8 
e n t r i e s .  Coal s p i l l a g e  along the  s h u t t l e  
c a r  runways, 53 loaded c a r s ,  and one par- 
t i a l l y  loaded ca r  of coal  supplied coal  
dust  t o  propagate a widespread explosion. 
COMPASS NO. 2 
DOLA, WV 
APRIL 25, 1963 - 22 KILLED 
The 22 men working i n  3-Right a r e a  of 
the  mine were k i l l e d  by the  explosion. 
A l l  36 o the r  men i n  the  mine escaped 
uninjured. 
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FIGURE 4. - Explosion area, Robena No. 3, 
Carmichaels, PA, December 6, 1962. 
Ser ious  and prolonged i n t e r r u p t i o n  of 
t h e  v e n t i l a t i o n  cu r r en t  permi t ted  an ac- 
cumulation of methane i n  t h e  working 
f a c e s ,  An a i r l o c k  door was found blocked 
open, a check c u r t a i n  w a s  r o l l e d  up and 
wrapped wi th  wi re ,  poss ib ly  a man door 
was l e f t  open, and s toppings  and/or 
c u r t a i n s  removed t o  f a c i l i t a t e  moving 
equipment lnay not  have been replaced,  
Inadequate  t e s t i n g  f o r  methane allowed 
t h e  accumulation of methane t o  remain 
undetected,  1 1 
The g r e a t e r  p a r t  of t h e  permissible-  
type  e l e c t r i c a l  f a c e  equipment i n  t h e  
mine was not  maintained i n  permiss ib le  
condi t ion ,  The loading machine was t h e  
only p i ece  of e l e c t r i c a l  equipment i n  
ope ra t i on  a t  t h e  working f a c e  when t h e  
' 'A  common f a c t o r  i n  many mine d i s a s -  
ters r epo r t ed  here .  
explos ion  occurred, The bottom Inspec- 
t i o n  cover was missing from t h e  main 
motor housing of t h i s  machine. The com- 
mutator  on t h i s  motor had high and low 
ba r s  and heavy a rc ing  w a s  i n d i c a t e d  a t  
t h e  brushes. It is presumed t h a t  t h i s  
a r c ing  was t h e  source  of t h e  i g n i t i o n .  
Coal dus t  picked up from roadway s p i l l -  
age and accumulations a t  t h e  b e l t  t a i l -  
p i e c e  and t r a n s f e r  po in t s  a ided  i n  t h e  
widespread propagat ion of t h e  explo- 
s idn .  S a t i s f a c t o r y  rockdusting ad j acen t  
t o  and outby 3-Panel prevented t h e  f u r -  
t h e r  spread a t  t h e  explosion. 
CARBON FUEL CO. 
NO. 2 MINE 
HELPER, UT 
DECEMBER 16, 1963 - 9 KILLED, 1 INJURED 
This  d i s a s t e r  w a s  caused by t h e  i gn i -  
t i o n  of a body of methane and coa l  d u s t  
i n i t i a t e d  by f r i c t i o n a l  hea t  o r  sparks  o r  
by an e l e c t r i c a l  a rc .  
Methane was l i b e r a t e d  i n  t h e  f a c e  of 
No, 4 d i p  e n t r y  and accumulated because 
check c u r t a i n s  were not  e r ec t ed ;  t h e  l i n e  
canvas was poorly cons t ruc ted  and ter- 
minated 36 f e e t  from t h e  face .  An in -  
o p e r a t i v e  water  pump on t h e  l e f t  s i d e  of 
t h e  continuous mining machine permi t ted  
excess ive  f l o a t  dus t  t o  c o l l e c t  i n  t h e  
r e t u r n  airway, This  and c o a l  dus t  from 
c o a l  being t r anspo r t ed  on t h e  b e l t  con- 
veyor provided f u e l  f o r  propagation. 
Poss ib l e  i g n i t i o n  sources  were an e l ec -  
t r i c  a r c  from permiss ib le  f a c e  equip- 
ment wi th  p e r m i s s i b i l i t y  d e f i c i e n c i e s  
o r  f r i c t i o n a l  hea t  o r  sparks  from t h e  
miner b i t s  rubbing a g a i n s t  o r  c u t t i n g  top  
rock, 
This  explos ion  po in t s  ou t  two common 
weaknesses, I n  a  s l i g h t l y  gassy  mine 
enough a t t e n t i o n  is not  g iven  t o  d i r e c t -  
ing t h e  v e n t i l a t i o n  cu r r en t  t o  t h e  work- 
ing f a c e s  and tests f o r  g a s  a r e  not made 
f r equen t ly  enough t o  determine whether a 
dangerous gas  condi t ion  is developing. 
C ,  L,  KLINE COAL CO, 
NO, 2 MINE 
(NEAR) ROBBINS, TN 
MAY 24, 1965 - 5 KILLED 
(SEE FIGURE 5)  
An explosion,  o r ig ina t ing  i n  t he  f ace  
a r e a  of t h e  l e f t  main a i r cou r se ,  k i l l e d  
a l l  f i v e  men i n  t h e  mine, The explosion 
occurred when a methane accumulation was 
i g n i t e d  by a c i g a r e t t e  l i g h t e r .  The 
methane was emi t ted  from c rev ices  i n  t h e  
roof near  t h e  face ,  
The mine was c l a s s i f i e d  non-gassy by 
t h e  S ta t e .  The owner-operator was t h e  
only one t h a t  possessed a flame s a f e t y  
lamp, He repor ted ly  made a gas  check 
during h i s  pre-shif t examination. 
V e n t i l a t i o n  was inadequate,  The mine 
f a n  was not capable of supplying a i r  flow 
a p p r o p r i a t e  t o  t h e  s i z e  of t h e  mine, 
Also, t he  inby e i g h t  s toppings i n  t h e  
mains were cons t ruc ted  of b r a t t i c e  c l o t h  
and t h e  l e f t  main a i r c o u r s e  was advanced 
300 f e e t  inby t h e  l a s t  c rosscut  wi th  a 
l i n e  c u r t a i n  terminated 25 f e e t  from t h e  
face. 
Dust from coa l  on t h e  conveyors and 
from s p i l l a g e  along the  conveyor l i n e s  
en tered  i n t o  t h e  propagation, 
MARS NO, 2 
WILSONBURG, WV 
OCTOBER 16, 1965 - 7 KILLED 
A s t r i p p e d  down continuous miner was 
being trammed i n t o  t h e  mine, Rubber con- 
veyor be l t i ng  was used t o  i n s u l a t e  t h e  
miner from t h e  t r o l l e y  and t r o l l e y  f eede r  
wires ,  However, t he  t r a c t i o n  pump d r i v e  
of t h e  miner came i n  contac t  wi th  t h e  en- 
e rg ized  t r o l l e y  and/or t r o l l e y  f eede r  
l i n e ,  The ensuring e l e c t r i c  a r c ing  ig-  
n i t e d  t h e  be l t i ng ,  coa l ,  hyd rau l i c  o i l  
and o i l  l i n e s ,  Disconnect switches were 
not i n s t a l l e d  i n  t h e  t r o l l e y  and t r o l l e y  
f eede r  l i n e s  t o  permit t imely and e f f ec -  
t i v e  deenergizing of t h e  c i r c u i t .  
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FIGURE 5. - Explosion area, C. 1. Kl ine Coal Co., No. 2 Mine, near Robbins, TN, May 24, 1965. 
Two foremen and f i v e  workmen inby the  
f i r e  d ied  of a sph ix i a t ion  while  a crew 
tramming a miner outby the  f i r e  escaped 
unin jured ,  
The mine f a n  was stopped t o  prevent 
fanning of t h e  f i r e  by the  a i r  cu r r en t ,  
It was r e s t a r t e d  a f t e r  15 t o  20 minutes 
because smoke was backing up i n  t he  e n t r y  
Shor t ly  a f t e r  r e s t a r t i n g  t h e  f a n  an ex- 
p los ion  occurred when t h e  d i s t i l l a t e  by- 
products  were coursed over t h e  f i r e  by 
t h e  renewed a i r  cu r r en t s ,  
No attempt was made t o  s h o r t - c i r c u i t  
contaminated a i r  from t h e  inby workings, 
Only 2 of 13 se l f - r e scue r s  found i n  t h e  
possess ion  of t h e  7 v ic t ims  showed evi -  
dence of a t tempts  t o  use  them.12 
DUTCH CREEK M I N E  
REDSTONE, CO 
DECEMBER 28, 1965 - 9 KILLED 
A g a s  and c o a l  dus t  explosion k i l l e d  9 
of 30 workers i n  t h e  mine, The o t h e r  21 
escaped uninjured,  
Face v e n t i l a t i o n  was i n t e r r u p t e d  by 20 
t o  25 tons  of coa l  p i l e d  on t h e  f l o o r  by 
t h e  continuous miner, Methane f eede r s  
were present  a t  t h e  f a c e  and a coa l  bump 
re l eased  a d d i t i o n a l  gas ,  The gas  was ig- 
n i t e d  e i t h e r  by a blown s p l i c e  i n  t h e  
loading machine cable  o r  by a rc ing  from 
a n  exposed power conductor i n  t h e  s h u t t l e  
c a r  cable.  The gas  i g n i t i o n  propagated13 
cog1 dus t  from t h e  p i l e d  c o a l  o r  s p i l l a g e  
along t h e  tramway, 
SILTIX MINE 
MOUNT HOPE, WV 
JULY 23, 1966 - 7 KILLED, 2 I N J U R E D  
(SEE FIGURE 6) 
Methane from feede r s  and from p i l l a r  
f a l l s  was i g n i t e d  by an e l e c t r i c  a r c  o r  
120xygen self-rescuer could have saved 
these. 
spark,  Coal dus t  played a v e r y  minor 
r o l e  i n  t h i s  d i s a s t e r .  Eleven men, 
t rapped inby the  explosion area ,  e r ec t ed  
a bar r icade  and remained behind t h i s  bar- 
r i c a d e  u n t i l  rescued about 1-112 hours 
l a t e r ,  
V e n t i l a t i o n  i n  t h e  explosion a r e a  was 
i n s u f f i c i e n t ,  Poorly cons t ruc ted  tem- 
porary s toppings,  no l i n e  b r a t t i c e  i n  
continuous miner p laces ,  l ack  of a reg- 
u l a t o r  on air  s p l i t s ,  and lack  of a 
b leeder  system combined t o  add t o  t he  
hazard, The foreman was the  only person 
on t h e  s e c t i o n  wi th  a flame s a f e t y  lamp. 
S u f f i c i e n t  lamps were not a v a i l a b l e  a t  
t h e  mine t o  provide a lamp f o r  t h e  oper- 
a t o r  of each p iece  of f a c e  e l e c t r i c  
equipment, 
The combination of a damp t o  w e t  sec- 
t i o n ,  rockdusting, and opened a r e a s  f o r  
explos ion  expansion i n h i b i t e d  propagat ion 
and caused t h e  explosion f o r c e s  t o  d i s s i -  
pa t e  rap id ly .  
A l l  e l e c t r i c  equipment i n  t h e  a r e a  was 
found t o  be i n  a non-permissible condi- 
t i o n ,  Arcs o r  sparks  a t  t h e  cable-reel  
c o l l e c t o r  r i ng  assembly of a s h u t t l e  ca r  
was t h e  i g n i t i n g  agent,  The explosion 
o r i g i n a t e d  i n  t h e  v i c i n i t y  of t he  p i l l a r s  
being removed near  t h e  l e f t  edge of t h e  
map of F igure  6. 
RIVER QUEEN UNDERGROUND MINE NO, 1 
GREENVILLE , KY 
AUGUST 7, 1968 - 9 KILLED, 2 INJURED 
(SEE FIGURES 7 AND 8)  
Permiss ib le  explos ives ,  s t o r e d  on a 
coa l  d r i l l  45 f e e t  from and i n  d i r e c t  
l i n e  wi th  t h e  f ace ,  were detonated by 
b l a s t e d  ma te r i a l  expel led  from t h e  c o a l  
f a c e ,  Coal dus t  was involved t o  some 
degree, but propagation was s h o r t  l ived .  
Methane w a s  not a f a c t o r ,  
I31nitiated an explosion in the coal 
 US t 
FIGURE 6. - Explosion area, Si ltex Mine, Mt. Hope, WV, J u l y  23, 1966 
CONSOL NO. 9 
FARMI NGTON , WV 
NOVEMBER 20, 1968--78 KILLED 
The des t ruc t ion  due t o  t h i s  explosion, 
added t o  t h a t  caused by secondary explo- 
s i o n s  f o r  seve ra l  days afterwards, fo l -  
lowed by f i n a l  sea l ing  of the  mine pre- 
vented a complete inves t iga t ion  and the  
issuance of an o f f i c i a l  report .  As  of 
t h i s  wr i t ing ,  13.years  l a t e r ,  some of the  
bodies remain sea led  i n  the  mine, with 
t h e  cause of the  explosion sea led  with 
them. 
The following information is  from an 
in terview of Lewis Evans, Safety Director  
of the  United Mine Workers of America 
(12). The f i r s t  explosion took place a t  
5:30 a.m., November 20. The 21 men who 
escaped came out s h o r t l y  afterwards. 
Eleven escaped through t h e  slope,  two 
came out Atha's Run Por ta l ,  and e igh t  
were l i f t e d  by bucket up the  Mahsn shaf t .  
Af ter  the  explosion destroyed the  s h a f t  
a t  Llewellyn Por ta l ,  f i r e  and smoke 
belched f o r t h ,  making condit ions too  haz- 
ardous even t o  consider put t ing  mine res- 
cue teams i n t o  the  mine because of the  
danger of more explosions. 
A succession of recordable explosions 
did take  place. A s  of November 29 t h e r e  
had been 24 plus innumerable smaller 
"pops " and "puffs. " Undamaged fans  were 
kept running f o r  a while i n  an e f f o r t  
t o  supply f r e s h  a i r ,  but wi th in  24 hours 
l a rge  f i r e s  developed along with dan- 
gerous l eve l s  of carbon monoxide and 
methane. 
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FIGURE 7. - Explosion area, River Queen Mine 
No. 1, Greenville, KY, August 7, 1968. 
Another s h a f t  t h a t  was damaged by the  
explos ion  was a t  Mod's Run. An at tempt  
was made t o  s e a l  t h e  two p o r t a l s  a t  t h i s  
l o c a t i o n  wi th  26 tons  of s t e e l  and con- 
c r e t e  on each s h a f t  i n  what proved t o  be 
a  v a i n  at tempt  t o  cool  of f  t h e  f i r e .  The 
s e a l s  were of s h o r t  dura t ion ,  being des- 
t royed  by subsequent explosions only min- 
u t e s  a f t e r  placement , 
The Mod's Run p o r t a l s  were l a t e r  suc- 
c e s s f u l l y  s ea l ed  by dumping i n t o  each of 
them 500 tons  of coarse  l imestone. This 
amount was put i n t o  each s h a f t ,  and t h i s  
semisea l  he ld  u n t i l  f i n a l  dec i s ion  t o  
s e a l  o f f  a l l  of t he  mine was made, 
Consol No. 9  Mine was among t h e  l a r g e s t  
i n  t h e  United S t a t e s ,  Its underground 
tunne l s  extended through t h e  West V i r -  
g i n i a  h i l l s  i n  a  space roughly 10 miles  
by 6 miles .  It worked t h r e e  product ion 
s h i f t s  per  day, and i t s  crew of 380 men, 
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FIGURE 8. - Detail  of River Queen Mine. 
320 of whom worked underground, produced 
9,500 tons of c o a l p e r  day. It was a  
very gassy mine, r e l ea s ing  from 7 t o  9 
m i l l i o n  cubic  f e e t  of methane per  day, 
Consol No, 9  Mine was loca t ed  i n  t h e  
P i t t sbu rgh  coa l  seam, 
Fourteen yea r s  and one week p r i o r  t o  
t h i s  explosion t h e  same mine had blown 
up, k i l l i n g  16 men (Nov, 13, 1954). Upon 
t h e  p re sen t  occasion, t h e  mine was s e a l e d  
and p a r t i a l l y  reopened 6 months l a t e r ,  a t  
which time some of t h e  bodies were recov- 
e red ,  These two b l a s t s  were considered 
by some t o  have been t h e  most v i o l e n t  up 
t o  t h a t  time, The Bureau of Mines had 
inspec ted  t h i s  mine 3 months before  t h e  
d i s a s t e r  and t h e  S t a t e  of West V i rg in i a  
2 weeks before,  
F INLEY COAL CO . 
NOS. 15 AND 16 MINES 
HYDEN, KY 
DECEMBER 30, 1970 - 38 KILLED 
(SEE FIGURES 9-11) 
Coal dust  was thrown i n t o  suspension 
and ign i t ed  during the  b las t ing  of roof 
rock f o r  a loading point. Excessive 
accumulation of coal  dus t  and inadequate 
rockdusting permitted propagation of the  
explosion throughout the  mines. 
According t o  former p rac t i ces  i n  b las t -  
ing  boom holes and evidence presented by 
var ious  persons, found during the  inves- 
t i g a t i o n ,  i t  uust be concluded t h a t  on 
t h e  day of the  explosion, 100 o r  more 
sho t  holes were d r i l l e d  i n t o  the  roof,  
each charged with one o r  two ca r t r idges  
of explosives,  connected by a t runk l ine  
of Primacord wi th  s h o r t  leaders  of Prima- 
cord t o  each charge with one electric 
detonator  he ld  i n  place with pieces of 
paper and f i r e d  by means of a b las t ing  
cable  a t tached e i t h e r  t o  a shot - f i r ing  
u n i t ,  power cable, o r  t o  the  ba t t e ry  con- 
nect ions  of a nearby battery-powered 
t r a c t o r .  
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FIGURE 9. - Explosion area,  F i n l e y  C o a l  Co., Nos.  
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FIGURE 10. - Detail of explosion area, Finley 
Coal Co., No. 15 Mine. 
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FIGURE 11. - Detail of explosion area, Finley 
Coal Co., No. 16 Mine. 
Primacord was a v a i l a b l e  i n  a  s t o r a g e  
a r e a  on t h e  s u r f a c e  and was found a t  t h e  
b l a s t  s i t e  and o t h e r  p laces  underground. 
During clean-up of t h e  rock from t h e  
loading p o i n t ,  only one set of l eg  w i r e s  
was found. I f  e l e c t r i c  de tona to r s  r a t h e r  
t h a n  Primacord were used t o  i n i t i a t e  t h e  
b l a s t ,  t h e r e  should have been a t  l e a s t  
100 sets of l eg  wires i n  t h e  b l a s t e d  
ma te r i a l .  Testimony a l s o  i n d i c a t e d  t h a t  
wads of paper o r  b r a t t i c e  c l o t h  were used 
t o  s tem holes  d r i l l e d  f o r  loading po in t s .  
(This  would c o n s t i t u t e  a n  unconfined 
sho t .  ) 
The mine was c l a s s i f i e d  non-gassy 
and methane was not  a  f a c t o r  i n  t h i s  
explosion.  
More background informat ion  w a s  sup- 
p l i e d  by an  a r t i c l e  "Disaster a t  Hurri-  
cane Creek" i n  Popular Mechanics (1). 
Two s t a t e  i n spec t ions  and f o u r  f e d e r a l  
i n s p e c t i o n s  during t h e  preceding n ine  
months had revea led  excess ive  c o a l  dus t  
and o t h e r  combustible m a t e r i a l s ,  i n s u f f i -  
c i e n t  rock d u s t ,  and o t h e r  v i o l a t i o n s .  
The d i s a s t e r  occurred e x a c t l y  one yea r  
a f t e r  t h e  1969 A c t  became l a w .  The c o a l  
dus t  explos ion  was s o  ex t ens ive  t h a t  dus t  
and o t h e r  materials were expe l l ed  from 
a l l  e i g h t  openings of t h e  mine. (Non- 
pe rmis s ib l e  explos ives  were used i n  a  
non-permissible manner.) In  t h e  prev ious  
August, one man had l o s t  h i s  e y e s i g h t ,  
and a  second s u f f e r e d  c u t s  and a  rup tured  
eardrum, due t o  t h e  a c c i d e n t a l  de tona t ion  
of exp los ives  underground. The account 
states t h a t  120 s h o t s  were f i r e d  i n  
b l a s t i n g  a  "boom hole"  i n  t h e  roo f ,  even 
though s a f e t y  r egu la t i ons  permit only 20 
s h o t s  t o  be f i r e d  a t  once. A phys i c i an  
found t h a t  31 o r  32 had d ied  i n s t a n t l y  
from t h e  b l a s t ,  and t h e  rest probably 
from carbon monoxide. T h i r t y  f o u r  widows 
and 103 c h i l d r e n  were l e f t  t o  mourn t h e  
l o s s .  
ITMANN NO. 3  MINE 
ITMANN, WV 
DECEMBER 16, 1972 - 5 KILLED, 3  INJURED 
(SEE FIGURE 12) 
This  explos ion  r e s u l t e d  from t h e  i g n i -  
t i o n  of a  methane-air mixture i n  t h e  
t rack-be l t  e n t r y  about 1,000-feet outby 
t h e  working faces .  The methane was 
i g n i t e d  by an  e l e c t r i c  a r c  from a  p o r t a l  
bus being used t o  t r a n s p o r t  t h e  s e c t i o n  
crew t o  t h e  sur face .  The e l e c t r i c  arc 
occurred when t h e  t ro l l ey -po le  harp  l o s t  
e l e c t r i c a l  con tac t  wi th  t h e  t r o l l e y  wire.  
The i n v e s t i g a t o r s  were of t h e  op in ion  
t h a t  i n  a d d i t i o n  t o  t h e  u sua l  methane 
l i b e r a t i o n  i n  t h e  e n t r y ,  excess ive  pres-  
s u r e  from t h e  ad jacent  s t r a t a  r e l ea sed  
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FIGURE 12. - Explosion area, ltmann No. 3 Mine, Itmann, WV, December 16, 1972. 
a d d i t i o n a l  methane s h o r t l y  before t h e  
explos ion  occurred.14 Of t h e  e i g h t  men 
i n  t h e  p o r t a l  bus a t  t h e  time of t h e  ex- 
p los ion ,  f i v e  were k i l l e d  and 3 s e r i o u s l y  
burned. 
This  was pr imar i ly  a methane explos ion  
and c o a l  dus t  en t e red  i n t o  propagat ion 
only t o  a minor degree. 
SCOTIA MINE 
WHITESBURG, KY 
MARCH 9, 1976 - 15 KILLED 
MARCH 11, 1976 - 11 KILLED -
26 KILLED 
(SEE FIGURE 13) 
Because of t h e  c o n t r o v e r s i a l '  na tu re  of 
some a s p e c t s  of t h i s  d i s a s t e r  and t h e  
l a c k  of pub l i ca t ion  of an o f f i c i a l  ac- 
count ,  we w i l l  confine t h i s  account t o  
informat ion  included i n  a r e p o r t  pub- 
l i s h e d  by t h e  House Education and Labor 
Then t h e  second explosion occurred, and 
a l l  but t h e  two roof b o l t e r s  were k i l l e d ,  
The second explosion was more severe  
than  t h e  f i r s t ,  apparent ly o r i g i n a t i n g  
about 2,000 f e e t  from the  o r i g i n  of t h e  
f i r s t  explosion,  About 12 hours l a t e r ,  
t h e  rescue  team found t h e  11 bodies,  but 
was withdrawn without  removing them be- 
cause of imminent danger of another  ex- 
p los ion ,  The mine was sea l ed ,  t o  be 
opened approximately a year  l a t e r ,  
The Labor Standards Subcommittee of t h e  
House Education and Labor Committee pub- 
l i s h e d  a r epo r t  charging t h e  S c o t i a  Coal 
Co. wi th  r e s p o n s i b i l i t y  f o r  t h e  f i r s t  
explos ion  and MESA f o r  t h e  second. The 
No. 2 Southeast  main had not  been f i r e -  
bossed p r i o r  t o  t h e  en t ry  of t h e  two lo-  
comotives; apparent ly  inadequate  ven t i l a -  
t i o n  p reva i l ed  i n  t h i s  sec t ion .  S imi la r  
committee, and a Grand Ju ry  charge. 
Two explosions occurred wi th in  60 hours 
of each o the r ,  both apparent ly o r ig ina t -  
i ng  from i g n i t i o n s  of methane, a l though 
t h e  mine had not  been considered exces- 
s i v e l y  gassy. It had been producing 
about  250,000 cub ic  f e e t  of methane pe r  
day. Both explosions a r e  considered t o  
have o r ig ina t ed  i n  t h e  No. 2 Southeast  LEGEND --- Limit of flame 
mains. Two mining ~ocomot ives  were i n  - Direction of flame travel 
t h e  a r e a ,  both equipped with ba t te ry-  Permanent stoppings # Overcasts 
opera ted  a i r  compressors. There were al- - ~ m c k  
s o  two methane "feeders"  i n  t h i s  a rea .  
Nine men were k i l l e d  almost i n s t a n t l y  by 
t h e  explos ion  on March 9, and s i x  more 
su rv ived  f o r  a while  by taking refuge i n  
No. 2 l e f t  off 2-Southeast, but were 
even tua l ly  overcome. In  about 18 hours ,  
r e scue  teams had recovered a l l  bodies. 
Mine Enforcement and Safe ty  Administra- 
t i o n  (MESA) in spec to r s  determined t h a t  a 
roof f a l l  had occurred over a t r a c k  en- 
t r y ,  s o  roof b o l t e r s  were c a l l e d  i n ,  i n  
o r d e r  t h a t  f u r t h e r  i n spec t ion  could pro- 
ceed. On March 11, i n  mid-afternoon, a 
13-n crew entered ,  including 3 Federa l  
i n s p e c t o r s  and 10 company employees. 
FIGURE 13. - Explosion area, Scot ia Mine, 
I4perhaps there was evidence o f  an Whitesburg, KY, March 9 and 11, 1976. 
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t h e  second exp los ion .  The above r e p o r t  
was reviewed i n  Coal Age  (6). L a t e r ,  
coal Age  ( 5 )  r e p o r t e d  Grand J u r y  charges  
t h a t  t h e  d T s a s t e r  was caused by t h e  l a c k  
of a d e q u a t e  v e n t i l a t i o n  i n  a l l  s e c t i o n s ,  
f a i l u r e  t.o f i r e  boss ,  and submiss ion  of 
f a l s e  r ecords .  The Blue Diamond Coal 
Co. (owner of t h e  mine) h a s  sued  MESA 
f o r  r e s p o n s i b i l i t y  f o r  mine damage due 
t o  t h e  second e x p l o s i o n ,  and widows of 
t h e  f i r s t  e x p l o s i o n  were s u i n g  Blue 
Diamond. 
FERRELL MINE NO. 17,  WESTMORELAND 
COAL CO. 
BOONE COUNTY, WV 
NOVEMBER 7,  1980--5 KILLED 
The f o l l o w i n g  account  was t a k e n  f rom 
newspaper r e p o r t s  and from coal ~ g e  (5) 
F i v e  men, a l l  maintenance workers ,  were 
removing t r a c k  i n  a n  unused p o r t i o n  of 
t h e  mine abou t  1 m i l e  away f rom any o t h e r  
work crew when t h e  e x p l o s i v e  occur red ,  
Another  70 men working i n  d i f f e r e n t  p a r t s  
of  t h e  mine escaped w i t h o u t  i n j u r y ,  The 
b l a s t  r e s u l t e d  from a n  i g n i t i o n  of meth- 
a n e  i n  t h e  p r e s e n c e  of i n a d e q u a t e  v e n t i -  
l a t i o n ,  A s p a r k  from a "locomotive-type" 
v e h i c l e  t h e  men used t o  g e t  t o  t h e i r  
workplace  may have set o f f  t h e  e x p l o s i o n ,  
a c c o r d i n g  t o  a company r e p r e s e n t a t i v e ,  
The b l a s t  was s o  s t r o n g  i t  blew l a r g e  
c i n d e r  b locks  150 f e e t  and o v e r t u r n e d  a 
conveyor b e l t  s e v e r a l  hundred f e e t  away, 
A p p a r e n t l y ,  t h e  men were k i l l e d  i n s t a n t -  
l y .  A f t e r  t h e  e x p l o s i o n ,  t o x i c  o r  nox- 
i o u s  g a s e s ,  i n c l u d i n g  methane, hampered 
r e s c u e ,  s o  t h a t  a day passed  b e f o r e  t h e  
b o d i e s  were reached.  
DUTCH CREEK NO, 1 MINE 
M I D  CONTINENT RESOURCES CO, 
REDSTONE, CO 
APRIL 15,  1981--15 KILLED 
(SEE FIGURE 14) 
The b l a s t  o c c u r r e d  a t  abou t  4:15 P.M, 
MST, when 22 men were i n  t h e  mine, 
Three  men came o u t  u n i n j u r e d ,  f o u r  were 
s l i g h t l y  i n j u r e d ,  w h i l e  t h e  remaining 
1 5  were k i l l e d ,  a lmost  i n s t a n t l y ,  when a 
c o a l  d u s t ,  methane-air mix tu re  was ig- 
n i t e d  a f t e r  a bump occur red  a t  t h e  work- 
i n g  f a c e ,  The same mine was t h e  s c e n e  of 
F I G U R E  14. - Explosion area, Dutch Creek 
Mine, Redstone, CO, April 15, 1981. 
a n  e x p l o s i o n  t h a t  k i l l e d  n i n e  men on 
December 31, 1965, 
Within  38 hours  a f t e r  t h e  e x p l o s i o n  a l l  
15 bod ies  had been removed, The working 
a r e a s  were reached by a 15-degree s l o p e  
which was p a r t i a l l y  f l o o d e d  by w a t e r  when 
t h e  b l a s t  knocked o u t  power t o  t h e  pumps, 
The l o c a t i o n  of t h e  b l a s t  was abou t  7,000 
f e e t  f rom t h e  mine p o r t a l ,  The mine had 
been c o n s i d e r e d  v e r y  gassy .  A r e c e n t  re- 
p o r t  by MSHA l i s t e d  t h e  fo l lowing  con- 
t r i b u t i n g  f a c t o r s :  
1, Large amounts of methane and c o a l  
d u s t  were d i s p e r s e d  o v e r  wide areas by 
t h e  bump, 
2, Face  v e n t i l a t i o n  was d i s t u r b e d  by 
t h e  d e s t r u c t i o n  of b r a t t i c e  by t h e  c o a l  
o u t b u r s t .  
3. The methanometer i n  t h e  con t inuous  
miner l o c a t e d  n e a r  t h e  f a c e  of t h e  102 
longwal l  e n t r y  s h u t  o f f  t h e  main power 
t o  t h e  machine bu t  no t  t o  t h e  l i g h t i n g  
c i r c u i t ,  
4. The l i g h t i n g  c i r c u i t  had been de- d i e d  a s  a  r e s u l t  of concussive b l a s t  
ene rg i zed  by throwing i t s  two-pole sw i t ch  
t o  o f f .  
5. The sw i t ch  enc lo su re  was l a t e r  de- 
termined t o  be a  non-permissible condi- 
t i o n  by v i r t u e  of a  w i r e  being caught 
under  t h e  l i d .  There was evidence of a  
f lame propagat ing ou t  of t h i s  enc lo su re  
s o  t h e  l a t t e r  i s  assumed t o  have been t h e  
i g n i t i o n  source.  
6. Three of t h e  s i x  v i c t ims  i n  t h e  
immediate f a c e  a r e a  of t h e  102 Sec t i on  
i n j u r i e s ,  two a s  a  r e s u l t  of carbon mon- 
ox ide  poisoning,  and one a s  a  r e s u l t  of 
a  combination of concussive b l a s t  in -  
j u r i e s  and carbon monoxide poisoning.  
The two v i c t ims  near  t h e  s h u t t l e  c a r  
f u r t h e r  outby i n  t h e  102 Sec t i on  d i ed  a s  
a  r e s u l t  of concussive b l a s t  i n j u r i e s  
caused by t h e  explosion.  The v i c t i m  i n  
t h e  f a c e  of t h e  No. 2  e n t r y  of t h e  102 
s e c t i o n ,  and a l l  s i x  men i n  t h e  Slope 
S e c t i o n  d i ed  a s  a  r e s u l t  of carbon monox- 
i d e  poisoning.  
ANALYSIS OF 18 MAJOR EXPLOSIONS OF 1959-81 
Eigh teen  maj o r  exp los ions  a r e  r epo r t ed  
h e r e ,  mostly verba t im from i n s p e c t o r ' s  
r e p o r t s ,  o f t e n  w i th  only s p e c u l a t i o n  a s  
t o  t h e  cause.  Twelve were appa ren t l y  
caused by t h e  e l e c t r i c a l  i g n i t i o n  of 
methane-air  mixtures  i n  a r e a s  where t h e  
normal v e n t i l a t i o n  had been s e r i o u s l y  in -  
t e r r u p t e d  i n  t h e  p rocess  of mining o r  
t r a n s p o r t .  I n  most of t h e s e  c a s e s ,  c o a l  
d u s t  c o n t r i b u t e d  t o  t h e  exp los ion .  When 
methane is  p r e s e n t ,  ve ry  much more rock 
d u s t  is  r equ i r ed  t o  i n e r t  t h e  c o a l  d u s t ;  
s o  much more, i n  f a c t ,  t h a t  such pro tec -  
t i o n  i s  very  un l i ke ly .  To i n c r e a s e  t h e  
incombus t ib le  con ten t  from 65% t o  80%, 
more t han  twice  a s  much rock dus t  is  re- 
qu i r ed .  Even t h e  65% va lue  r equ i r ed  by 
law has a  very small s a f e t y  f a c t o r  when 
cons ide r ab l e  f l o a t  d u s t  i s  p r e sen t .  A  
mix ture  con ta in ing  70% incombust ible  w i th  
80% of t h e  c o a l  pass ing  through 200 mesh 
w i l l  p ropaga te  a  s t r ong  exp lo s ion  i n  a  
mix ture  of P i t t s b u r g h  pu lve r i z ed  c o a l  
d u s t  (36% v o l a t i l e  ma t t e r )  and rock dus t  
(20). Although Richmond (20)  l i s t e d  su r -  
veys  i n d i c a t i n g  t h a t  t h e  f K e n e s s  of c o a l  
d u s t  has  been i n c r e a s i n g  over  r e cen t  
y e a r s ,  c h i e f l y  a s  a  r e s u l t  of t h e  u se  of 
cont inuous mining machines and longwal l  
systems,  r e g u l a t i o n s  have not  been 
changed t o  r e f l e c t  t h i s  new s i t u a t i o n .  
I n  some ca se s ,  supposedly pe rmi s s ib l e  
equipment was not so ,  o r  i g n i t i o n s  oc- 
cur red  outby t h e  l a s t  open c r o s s c u t ,  
where pe rmi s s ib l e  equipment was not  
requ i red .  
Two exp lo s ions  occur red  a s  a  d i r e c t  
r e s u l t  of a  methane o u t b u r s t ,  dur ing 
a t t emp t s  t o  v e n t i l a t e  t h e  l a r g e  q u a n t i t y  
of g a s ,  but  nonpermiss ible  o r  d e f e c t i v e  
e l e c t r i c a l  equipment i g n i t e d  t h e  gas .  
I n  one case ,  f u e l - r i c h  fumes from a  
f i r e  were r e c i r c u l a t e d  over  t h e  f i r e  
( improper v e n t i l a t i o n )  and i g n i t e d .  Two 
d i s a s t e r s  r e s u l t e d  from t h e  improper use  
of exp lo s ive s  underground, r e s u l t i n g  i n  
t h e  d i r e c t  i g n i t i o n  of dus t  c louds ,  i n  
t h e  absence of methane. Damage r e s u l t i n g  
from t h e  worst  d i s a s t e r  a t  Consol No. 9  
was s o  s eve re  t h a t  no cause could be 
r epo r t ed ,  but t h e  mine was g a s s y ,  s o  one 
might assume t h a t  improper v e n t i l a t i o n  
was a  major c o n t r i b u t i n g  f a c t o r .  
THE FEDERAL COAL MINE HEALTH AND SAFETY ACT OF 1969 (PUBLIC LAW 91-173)15 
I n  t h e  preamble t o  P u b l i c  Law 91-173, 
Congress dec l a r ed  t h a t  t h e  f i r s t  p r i o r i t y  
I 3 s a f e t y  Act passed  December 30, 1969, 
b u t  P a r t  75, Mandatory S a f e t y  s t a n d a r d  - 
Underground Coal Mines, was n o t  pub l i shed  
i n i t i a l l y  i n  t h e  Fede ra l  R e g i s t e r  u n t i l  
November 20, 1970. 
and concern of a l l  i n  t h e  c o a l  mining in-  
d u s t r y  mst be t h e  h e a l t h  and s a f e t y  of 
i t s  most p r ec ious  resource--the miner; 
t h a t  t h e r e  is  a  need t o  p rov ide  s a f e r  
working cond i t i ons  i n  t h e  Nat ion ' s  c o a l  
mines and t o  p reven t  occupa t i ona l  d i s -  
e a s e s ;  and t h a t  t h e  e x i s t e n c e  of unsafe  
and u n h e a l t h f u l  working cond i t i ons  i s  a  
s e r i o u s  impediment t o  t h e  growth of t h e  
mining i n d u s t r y  and t o  t h e  growth of 
commerce. 
The purpose of t h i s  a c t  was t o  e s t ab -  
l i s h  i n t e r i m  mandatory h e a l t h  and s a f e t y  
s t anda rds ,  by d i r e c t i o n  t o  t h e  Sec re t a ry  
of Hea l th ,  Education, and Welfare, and 
Sec re t a ry  of t h e  I n t e r i o r ;  t o  r e q u i r e  
ope ra to r s  and miners t o  comply wi th  such 
s t anda rds ;  t o  coopera te  wi th  and assist 
t h e  S t a t e s  i n  s e t t i n g  up h e a l t h  and sa fe -  
t y  programs; and t o  improve and expand 
r e sea rch ,  development, and t r a i n i n g  pro- 
grams aimed a t  p revent ing  c o a l  mine a c c i -  
d e n t s  and occupat iona l ly  caused d i seases .  
Among t h e  many impacts t h i s  law has had 
a r e  t h e  fol lowing:  
1. Es t ab l i shed  an  advisory  committee 
on c o a l  mine h e a l t h  research.  
2. Es t ab l i shed  r i g h t  of e n t r y  i n t o  
mines,  wi th  f r equen t  en t ry .  
3. Conferred power t o  i s s u e  withdrawal 
o r d e r s ,  with appea ls ,  reviews, e t c . ,  upon 
f i n d i n g  t h a t  imminent danger e x i s t s .  
4. Empowered t h e  Secre ta ry  t o  i s s u e  
i n j u n c t i o n s  i n  ca se  of r e f u s a l  t o  comply 
wi th  orders .  
5. Es t ab l i shed  c i v i l  and c r imina l  
p e n a l t i e s .  
6. Es t ab l i shed  i n t e r i m  h e a l t h  s tan-  
da rds ,  inc lud ing  those  f o r  r e s p i r a b l e  
d u s t ,  medical examinat ions,  and noise .  
7. Es t ab l i shed  i n t e r i m  s a f e t y  s tan-  
dards  covering roof suppor t ,  v e n t i l a t i o n ,  
methane monitor ing,  combustible materi- 
a l s  and rock dus t ing ,  e l e c t r i c a l  equip- 
ment, t r a i l i n g  cab l e s ,  grounding, high-, 
medium-, and low-voltage c i r c u i t s ,  f i r e s ,  
b l a s t i n g  and exp los ives ,  e t c .  
An important  s e c t i o n  ( t i t l e  IV) d e a l t  
w i t h  b l ack  lung (pneumoconiosis) b e n e f i t s  
before  and a f t e r  December 31, 1972. 
T i t l e  V included a  s i g n i f i c a n t  s e c t i o n  
r equ i r ing  t h e  Secre ta ry  of t h e  I n t e r i o r  
and t h e  Sec re t a ry  of Heal th ,  Education, 
and Welfare t o  conduct research  t o  im-  
prove working cond i t i ons  regard ing  both 
s a f e t y  and h e a l t h ,  t o  publ i sh  r e p o r t s ,  
e t c .  To a s s i s t  wi th  t h i s  research ,  t h e  
S e c r e t a r i e s  may e n t e r  i n t o  c o n t r a c t s  
wi th ,  and make g r a n t s  t o ,  pub l i c  and p r i -  
v a t e  agencies  and o rgan iza t ions  and ind i -  
v idua ls .  Information s o  developed s h a l l  
be a v a i l a b l e  t o  t h e  gene ra l  publ ic .  
Funds were app rop r i a t ed  t o  c a r r y  ou t  t h i s  
research--$20 m i l l i o n  f o r  t h e  f i s c a l  year  
ending June 30, 1970; $25 m i l l i o n  f o r  t h e  
f i s c a l  year  ending June 30, 1971; and 
$30 m i l l i o n  f o r  t h e  f i s c a l  year  ending 
June 30, 1972, and f o r  each succeeding 
f i s c a l  year  t h e r e a f t e r .  The a c t u a l  ap- 
p r o p r i a t i o n s  i n  f i s c a l  yea r s  1974-79 f o l -  
low, i n  mi l l ions :  
FY 74 - $27.1 
FY 75 - $27.5 
FY 76 - $29.2 
T r a n s i t i o n  - $ 7.5 
FY 77 - $29.2 
FY 78 - $40.9 
FY 79 - $47.8 
Among t h e  immediate impacts of t h i s  a c t  
were inc reases  i n  t h e  number of c o a l  mine 
i n s p e c t o r s  and i n  t h e  frequency of in -  
spec t ion ;  and a l a r g e  i n c r e a s e  i n  t h e  
amount of h e a l t h  and s a f e t y  r e sea rch ,  
both in-house and by c o n t r a c t ,  r e s u l t i n g  
i n  many new techniques ,  dev i ce s ,  and sys-  
tems t o  improve h e a l t h  and s a f e t y ,  a long  
with more mandatory and advisory regula-  
t i o n s .  Tra in ing  programs expanded rap id-  
l y ,  and t h e  Coal Mine Heal th  and Sa fe ty  
Academy was e s t a b l i s h e d  i n  Beckley, WV, 
i n  1971. 
I n  t h e  10 years  fo l lowing  t h e  pas s ing  
of t h e  Federa l  Coal Mine Heal th  and Safe- 
t y  Act of 1969, t h e  number of major ex- 
p lo s ions  was only one-third of t h a t  i n  
t h e  previous 10 yea r s ,  and t h e r e  were two 
4-year per iods wi th  no major explosions.  
THE FEDERAL MINE SAFETY AND HEALTH ACT OF 1977 (PUBLIC LAW 95-164) 
The fo l lowing  paragraphs summarize v i o l a t i o n s .  The F e d e r a l  Mine S a f e t y  and 
P u b l i c  Law 95-164 w i th  emphasis on i t s  Hea l th  Review Commission i s  e s t a b l i s h e d ,  
mod i f i c a t i ons  t o  t h e  Fede ra l  Coal Mine c o n s i s t i n g  of f i v e  members, appoin ted  by 
Hea l t h  and S a f e t y  Act of 1969 ( p u b l i c  t h e  P re s iden t  by and w i t h  t h e  adv i ce  and 
Law 91-173). consent  of t h e  Senate.  
The purpose of t h e  a c t  of 1977 is  t h e  
same a s  t h a t  of t h e  a c t  of 1969, excep t  
i t  i n c l u d e s  a l l  o t h e r  mines, as w e l l  as 
c o a l  mines. The F e d e r a l  Metal  and Non- 
m e t a l l i c  Mine Sa fe ty  Act and t h e  F e d e r a l  
Coal Mine Sa fe ty  Act a r e  repea led .  Sec- 
t i o n  405 of t h e  a c t  of November 16, 1973, 
P u b l i c  Law 95-153 i s  repea led ,  "Coal o r  
o t h e r  mine" i n c l u d e s  areas from which 
mine ra l s  a r e  e x t r a c t e d  i n  nonldquid form, 
o r  i f  i n  l i q u i d  form, are e x t r a c t e d  w i t h  
workers  underground. 
An I n t e r i m  Compliance Panel  of f i v e  
members is  e s t a b l i s h e d .  The Sec re t a ry  of 
t h e  I n t e r i o r  s h a l l  appo in t  an adv isory  
committee on c o a l  o r  o t h e r  mine s a f e t y  
r e s e a r c h ,  and t h e  Sec r e t a ry  of Hea l th ,  
Educat ion,  and Welfare s h a l l  appoin t  an 
adv i so ry  committee on c o a l  o r  o t h e r  mine 
h e a l t h  research .  The Sec re t a ry  of t h e  
I n t e r i o r  is au tho r i zed  t o  i n s t i t u t e  c i v i l  
a c t i o n  f o r  r e l i e f ,  inc lud ing  in junc-  
t i o n s ,  f o r  v i o l a t i o n s  o r  i n t e r f e r e n c e  
by o'perators w i th  enforcement of t h i s  
a c t ,  P e n a l t i e s  have been i nc r ea sed  f o r  
P rov i s i on  is  made i n  t h i s  a c t  f o r  man- 
da to ry  h e a l t h  and s a f e t y  t r a i n i n g  of min- 
e r s  us ing bo th  i n i t i a l  and r e f r e s h e r  
courses .  Regula t ions  i nc lude  d u s t  from 
d r i l l i n g  rock, and r e s t r i c t i n g  q u a r t z  
con t en t  t o  5%. More d e t a i l s  are pro- 
v ided  t o  r e g u l a t i o n s  concerning roof sup- 
p o r t ,  v e n t i l a t i o n ,  combust ible  material, 
e l e c t r i c a l  equipment and c i r c u i t s ,  f i r e  
p r o t e c t i o n ,  b l a s t i n g  and exp lo s ive s ,  e t c .  
More funds were au tho r i zed  f o r  research .  
The S e c r e t a r y  o r  h i s / h e r  d e l e g a t e  i s  
r equ i r ed  t o  make i n s p e c t i o n s  of each 
underground c o a l  o r  o t h e r  mine i n  i t s  
e n t i r e t y  at  l e a s t  f o u r  t imes a y e a r  and 
of each s u r f a c e  c o a l  o r  o t h e r  mine i n  
i t s  e n t i r e t y  a t  l e a s t  two t imes a year .  
Amendments i nc lude  a d e f i n i t i o n  of exces- 
s i v e  q u a n t i t i e s  of methane t o  be 1 m i l -  
l i o n  cub i c  f e e t  dur ing  a 24-hour per iod.  
The Mine Sa fe ty  and Hea l th  Adminis t ra t ion  
(MSHA) i s  c r ea t ed ,  and i s  t r a n s f e r r e d  t o  
t h e  Department of Labor, headed by a n  
a s s i s t a n t  Sec r e t a ry  of Labor, 
HOW NEW M I N I N G  METHODS HAVE CHANGED THE NATURE OF HAZARDS 
t I 
Mining of c o a l  by exp lo s ive s  has  dimin- 
i s h e d  t o  such an  e x t e n t  t h a t  i g n i t i o n  of 
d u s t  o r  g a s  by pe rmi s s ib l e  exp lo s ive s  
when proper ly  used is very  r a r e .  The 
on ly  documented excep t i on  of r e c e n t  d a t e  
i s  t h e  F i n l e y  d i s a s t e r  of 1970, i n  which 
nonpermiss ib le  exp lo s ive s  were used. But 
t h e  advent  of t h e  cont inuous miner a s  
w e l l  a s  longwal l  mining produced hazards  
of t h e i r  own, These t echn iques  t end  t o  
produce more f i n e  d u s t ,  which is  a hazard  
t o  bo th  h e a l t h  and s a f e t y .  As t h e  t a b l e s  
show, t h e r e  has  been a n  enormous i n c r e a s e  
i n  f r i c t i o n a l  i g n i t i o n s  of methane, usu 
a l l y  r e s u l t i n g  when t h e  b i t s  s t r u c k  sand- 
s t o n e  o r  p y r i t e s ,  i 
A s  deeper  seams are mined t h e  methan 
con t en t  t ends  t o  i n c r e a s e ,  
l a r g e r  f a n s  and g r e a t e r  f a n  
Cur ren t  methane dra inage  techn iques  m a  
no t  work owing t o  low p o r o s i t y ,  l a ck  o  
f r a c t u r e ,  and h igh  f r i a b i l i t y .  
RESEARCH BEING CONDUCTED TO CORRECT PROBLEMS 
SUPPRESSION OF IGNITIONS AND EXPLOSIONS invo lve s  t r i g g e r e d  b a r r i e r s ,  w i th  l a r g e  
s t o r e d  energy and f a s t  response.  
Problem: Most c o a l  mine exp lo s ions  
o r i g i n a t e  w i th  i g n i t i o n s  of methane a t  METHANE DETECTION 
t h e  face .  A t  g r e a t e r  d i s t a n c e s  f rom t h e  
f a c e ,  exp lo s ions  sometimes p ropaga te  i n  Short-Term Research: An a c c u r a t e  per-  
s p i t e  of cons ide r ab l e  rock dus t ing .  m i s s i b l e  methanometer has  been made 
a v a i l a b l e  (an improvement over  t h e  flame 
Short-Term Research: A s  r equ i r ed  by s a f e t y  lamp), but r e q u i r e s  t h e  t e d i o u s  
t h e  1969 a c t ,  t h e  Bureau of Mines con- checking of a l l  working a r e a s ,  which 
duc ted  r e s e a r c h  on supp re s s ion  of i g n i -  t a k e s  t i m e  and is  a l l  t o o  f r e q u e n t l y  
t i o n  a t  t h e  f a c e  ( L , g ,  z, 21) and neg lec ted .  
funded a  c o n t r a c t  t o  equ ip  a  mining ma- 
ch ine  w i t h  such a  system (10) .  The g o a l  Long-Term Research: The au tomat ic  re- 
was t o  quench i n c i p i e n t  i g n i t i o n  of meth- mote sens ing  of methane i nvo lve s  f a i l -  
a n e  a t  t h e  f a c e  be fo r e  n o t i c e a b l e  p res -  s a f e  procedures  inc lud ing  t h e  use  of t ube  
s u r e  and flame can develop. Th is  re -  bundles  s t r a t e g i c a l l y  l o c a t e d ,  w i th  a  re -  
q u i r e d  a  s o p h i s t i c a t e d  combination of mote g a s  ana lyze r  (3,  - - 8); l o c a l  f i x e d  g a s  
f a s t  d e t e c t i o n  and e f f i c i e n t  quenching. s e n s o r s  o r  machine-mounted s e n s o r s  con- 
Unfo r tuna t e ly ,  t h e  system has  not  found nec ted  e l e c t r i c a l l y  t o  a  remote a la rm o r  
p r a c t i c a l  a p p l i c a t i o n .  r e co rde r ;  and an  i n f r a r e d  Raman s c a t t e r -  
i ng  remote methanometer. The l a t t e r  is  
Long-Term Research: More e x t e n s i v e  re -  s t i l l  i n  t h e  l a b o r a t o r y  r e s e a r c h  s t a g e .  
s e a r c h  has  invo lved  pa s s ive  and t r i g g e r e d  Remote d e t e c t i o n  reduces  t h e  hazard of 
b a r r i e r s  t o  supp re s s  exp los ion  of g a s  l o c a l  measurements and prov ides  t h e  op- 
and /or  d u s t  which has  developed consid-  p o r t u n i t y  f o r  much more a c c u r a t e  a n a l y s i s  
e r a b l e  flame speed and pressure .  Much of t han  is  p o s s i b l e  w i th  hand-held devices .  
t h i s  r e s e a r c h  is based on European tech-  
nology a l r eady  i n  p r a c t i c e .  A d e t a i l e d  COAL DUST HAZARD DETECTION 
d e s c r i p t i o n  of t h e  performance of s t o n e  
d u s t  b a r r i e r s ,  wa te r  b a r r i e r s ,  and t r i g -  Problem: Coal dus t  exp lo s ions  can oc- 
g e r e d  b a r r i e r s  i n  P o l i s h  and German mines cu r  i f  t h e r e  a r e  adequa te  d e p o s i t s  of 
may be found i n  chap t e r  9  of P ro f e s so r  f i n e  c o a l  d u s t  inadequa te ly  i n e r t e d  w i t h  
Cybu l sk i ' s  book (7 ) .  Pass ive  wa t e r  bar-  rock dus t .  
riers were tes ted-extensively  i n  t h e  Bu- 
r e a u ' s  Exper imental  Mine a t  Bruceton, Short-Term Research: Grab sampling 
based on dev i ce s  developed by t h e  F e d e r a l  fol lowed by l a b o r a t o r y  a n a l y s i s  is an  
Republ ic  of Germany (13).  Modi f ica t ions  a c c e p t a b l e  t echn ique  f o r  hazard  detec-  
were inven ted  t o  c o p e y i t h  very  low speed t i o n ,  but  t h e  response  t ime is very slow. 
exp lo s ions  which might d e f e a t  t h e  con- 
v e n t i o n a l  dev ice  (14) .  For  g e n e r a l  use ,  Long-Term Research: A dev ice  has  been 
as w e l l  a s  f o r  s p e c i a l  a p p l i c a t i o n s ,  designed and b u i l t  t o  p rov ide  a  remote 
t r i g g e r e d  b a r r i e r s  were t e s t e d ,  us ing  a  
v a r i e t y  of m a t e r i a l s ,  w i th  s o p h i s t i c a t e d  
s e n s o r s  which had t o  respond r a p i d l y  t o  a  
r e a l  danger  whi le  remaining a l e r t  i n  t h e  
p r e sence  of f a l s e  alarms (15).  Conveyor 
bel tways a r e  e s p e c i a l l y  v u K e r a b l e  t o  ex- 
p l o s i o n  hazards ,  s o  a  s p e c i a l  t a s k  was 
devoted t o  t h a t  problem (16) .  More re -  
c e n t  r e s e a r c h  has  been d i r e c t e d  toward 
supp re s s ion  of methane i g n i t i o n  a t  a  
readout  i n  r e a l  t ime of d u s t  d e p o s i t i o n s  
i n  a  mine. The system is  composed of a  
diaphragm whose n a t u r a l  f requency changes 
a s  d u s t  is depos i t ed  on it.  The d ia -  
phragm is  e l ec t romagne t i c a l l y  e x c i t e d ,  
and t h e  f requency is read  remotely on a  
s e p a r a t e  device .  The i n s t an t aneous  mea- 
surement of incombust ible  con t en t  of mine 
d u s t  i n  p l ace  has  been made p o s s i b l e  by 
ano the r  dev ice  employing a b s o r p t i o n  of 
longwal l  f a ce .  Such work n e c e s s a r i l y  nuc l ea r  r a d i a t i o n .  
PREVENTION OF FRICTIONAL IGNITION 
Problem: F r i c t i o n a l  i g n i t i o n  due t o  
t h e  a c t i o n  of continuous miners on rock 
i n c l u s i o n s  shows g r e a t  p o t e n t i a l  f o r  
causing gas  explosions.  
Short-Term Research: F r i c t i o n a l  i gn i -  
t i o n  i s  cons iderab ly  reduced by a  low- 
volume water  spray  mounted i n  back of t h e  
c u t t i n g  b i t s  and impacting t h e  f r e s h l y  
c u t  sandstone sur face .  This  r e s u l t  was 
shown by t e s t s  conducted i n  l a r g e  cham- 
b e r s  conta in ing  methane-air mixtures  and 
f u l l - s i z e  c u t t e r  b i t s  impacting on sand- 
s tone blocks. 
Long-Term Research: Long-range re- 
s e a r c h ,  both in-house and by c o n t r a c t ,  
ha s  been devoted t o  m e t a l l u r g i c a l  inves- 
t i g a t i o n s  i n t o  a  nonsparking t o o l  b i t  and 
t o  b i t  shape des ign  and mounting proce- 
dures  in tended  t o  minimize sparking. Re- 
ducing c u t t e r  speeds a l s o  tends  t o  reduce 
incendive  sparking.  
METHANE DRAINAGE 
Problem: Most c o a l  seams con ta in  meth- 
ane which is r e l ea sed  upon mining, caus- 
i ng  a  s eve re  explos ion  hazard. 
Short-Term Research: The convent ional  
method is  t o  v e n t i l a t e  t h e  methane a s  
qu i ck ly  a s  i t  is  r e l ea sed  s o  t h a t  explo- 
s i v e  concent ra t ions  a r e  never formed ex- 
c e p t  when sudden o u t b u r s t s  occur. 
Long-Term Research: This long-range 
r e s e a r c h  program has involved a  number of 
p r o j e c t s  wi th  o b j e c t i v e  a s  fol lows:  
1. To e s t a b l i s h  by means of d a t a  ob- 
t a i n e d  i n  mine and l abo ra to ry  s t u d i e s  t h e  
s t r a t i g r a p h y  , l i t h o l o g y ,  and geo log ic  
s t r u c t u r e  cond i t i ons  t h a t  c o n t r i b u t e  t o  
t h e  h igh  and low concent ra t ions  of meth- 
ane i n  coalbeds;  t o  determine t h e  pecu- 
l i a r  composition of ga se s  occur r ing  i n  
c o a l  and a s s o c i a t e d  rocks and t h e  f a c t o r s  
t h a t  i n f luence  t h e  migra t ion  and re ten-  
t i o n  of methane i n  coalbeds and a s soc i -  
a t e d  s t r a t a ;  t o  develop procedures t o  
p r e d i c t  t h e  p r o b a b i l i t y  of encounter ing 
coalbed d i s c o n t i n u i t i e s .  
2. To test and r e f i n e  t h e  var ious  
technologies  prev ious ly  developed t o  con- 
t r o l  methane i n  advance of mining i n  
o rde r  t o  make them a p p l i c a b l e  by t h e  coa l  
mining indus t ry .  These inc lude  horizon- 
t a l  ho les  from s h a f t  bottoms and from 
mult ipurpose boreholes ,  v e r t i c a l  bore- 
ho l e  degasif  i c a t i o n ,  and d i r e c t i o n a l  
d r i l l i n g  from s u r f a c e  l o c a t i o n s  (2). 
( V e r t i c a l  borehole  technology i s  e f f ec -  
t i v e ,  but expensive. ) 
RESEARCH ON EXPLOSIVES 
I n  s p i t e  of t h e  reduced use of explo- 
s i v e s  i n  t h e  underground mining of coa l ,  
i g n i t i o n s  of g a s  o r  of coa l  dus t  by t he  
use  of explos ives  sometimes occur. The 
d a t a  included i n  t h i s  r e p o r t  i n d i c a t e  
t h a t  a b o u t 1 5 %  o f b o t h  t h e  number of 
major d i s a s t e r s  and t h e  number of miners 
k i l l e d  were t h e  r e s u l t s  of t he  improper 
use  of explosives .  Research i n  a  number 
of a r e a s ,  l i s t e d  below, i s  designed t o  
reduce t h e  explos ive  hazard p o t e n t i a l .  
This  in format ion  was k ind ly  furn ished  by 
J. E. Hay, Research Supervisor  of t h e  
Explosives  Group of t he  Bureau's P i t t s -  
burgh Research Center. 
Problem: C r i t e r i a  f o r  p e r m i s s i b i l i t y  
sometimes g i v e  ambiguous r e s u l t s .  
Research: Severa l  tests a r e  requi red  
f o r  permiss ib le  s t a t u s  ( i n a b i l i t y  t o  ig -  
n i t e  methane). A new proposed t e s t  8 i s  
intended t o  be a  rep lacenent  f o r  one of 
them--test 4. The primary advantage of 
t e s t  8 i s  t h a t  i t  is more q u a n t i t a t i v e ,  
y i e ld ing  more i n f  ormation than  test  4 on 
t h e  i n c e n d i v i t y  of an explos ive  r e l a t i v e  
t o  o t h e r  explos ives .  
Problem: Leaky water  stemming bags can 
cause l o s s  of stemming i n  t h e  borehole 
wi th  consequent e j e c t i o n  of hot  detona- 
t i o n  products  and t h e  p o s s i b i l i t y  of 
i g n i t i o n .  
Research: New tests f o r  leakage and 
f r a g i l i t y  were devised f o r  water  stemming 
devices  . 
Problem: Loose hanging roof and l a r g e  
boulders  can only be broken down e i t h e r  
manually o r  wi th  machinery, involving might r e s u l t  from inadve r t en t  d r i l l i n g  
l o s s  of e f f i c i e n c y  and long exposure of i n t o  mi s f i r ed  ho l e s  o r  encounter ing mis- 
personnel  t o  hazardous cond i t i ons ,  o r  t h e  f i r e d  explos ives  i n  mucking. 
t empta t ion  t o  use unsafe  (and i l l e g a l )  
forms of b l a s t i n g .  Research: Development of l e s s  s ens i -  
t i v e  de tona tors  has reduced t h i s  problem, 
Research: Nonincendive rock breakers  and nonincendive de tona t ing  cords would 
were developed, conta in ing  a b u i l t - i n  g i v e  a s a f e  a l t e r n a t i v e  t o  e l e c t r i c a l  
s h e a t h  of i n h i b i t i n g  m a t e r i a l ,  such t h a t  i n i t i a t i o n ,  which i s  s u s c e p t i b l e  t o  pre- 
g a s  is  not i gn i t ed .  mature i n i t i a t i o n  by s t r a y  c u r r e n t s ,  
l i g h t n i n g ,  e t c .  
Problem: Some e x ~ l o s i v e s  a r e  s e n s i t i v e  
t o  a c c i d e n t a l  impact by f r i c t i o n ,  e t c ,  Problem: Severa l  i n s t ances  have oc- 
cu r r ed  i n  which i g n i t i o n s  have r e s u l t e d  
Research: New permiss ib le  explos ives  from burning explos ives  being e j e c t e d  
(water  g e l s  and emulsions) a r e  less from a borehole,  
s e n s i t i v e .  
Research: Determination of why and un- 
Problem: Tes t s  have shown t h a t  t h e  de r  what circumstances t h i s  occurs is im-  
de tona to r s  a r e  t h e  most s e n s i t i v e  com- p o r t a n t  t o  s p e c i f y  ways t o  avoid i t ,  
ponent t o  a c c i d e n t a l  i n i t i a t i o n  which 
CONCLUSIONS 
I n  t h e  pas t  23 years ,  dea ths  due t o  
c o a l  mine explosions have been reduced 
cons iderab ly ,  compared wi th  t h e  previous 
23 years--from 1,674 i n  1936-58, inc lu-  
s i v e ,  t o  335 i n  1959-81, i nc lu s ive ,  
Grea te r  volume of a i r  requi red  a t  f ace ,  
canvas o r  tubing r equ i r ed  c l o s e r  t o  f a c e ,  
r e s t r i c t i o n  on temporary s p l i c e s  i n  
t r a i l i n g  cab l e s ,  t h e  requirement f o r  per- 
m i s s i b l e  e l e c t r i c a l  equipment t o  be used 
inby t h e  last  open c ros scu t ,  and t h e  
g r a d u a l  t r a n s i t i o n  from dc  t o  a c  power 
systems f o r  mine machinery a r e  t h e  main 
reasons  f o r  drop i n  t h e  number of d i sas -  
ters and t h e  number of f a t a l i t i e s ,  
New and improved techniques i n  mining, 
designed t o  i n c r e a s e  p roduc t iv i t y ,  o f t e n  
s u b s t i t u t e  new problems f o r  o ld ,  s o  t h a t  
s a f e t y  research  must cont inue t o  advance, 
t o  cope wi th  t h e  new problems, Also, 
many d i s a s t e r s  are t h e  r e s u l t  of g r o s s  
negl igence  and v i o l a t i o n  of known s a f e t y  
r u l e s ,  and s a f e t y  research  designed t o  
reduce d i s a s t e r s  of t h i s  na tu re  becomes 
very  expensive, because such research  
focuses  on developing " f a i l  s a f e "  de- 
v i c e s  t h a t  w i l l  f unc t ion  i n  t h e  presence 
f u l l - s c a l e  f i r e  and explos ion  research ,  
c o n t r i b u t e s  much t o  t h e  s a f e t y  achieved 
per  d o l l a r  a v a i l a b l e ,  Contract  r e sea rch  
has  allowed Government programs t o  draw 
upon t h e  e x p e r t i s e  of i ndus t ry ,  and tech- 
nology t r a n s f e r  programs have been devel- 
oped t o  t ransmi t  r e sea rch  r e s u l t s  t o  min- 
ing i ndus t ry  r e p r e s e n t a t i v e s  and thus  t o  
t h e  mines, 
F r i c t i o n a l  i g n i t i o n s  may be expected t o  
a t t r a c t  a t t e n t i o n  f o r  some time, a l -  
though, f o r t u n a t e l y ,  d i s a s t e r s  a r e  i n f  re- 
quent i n  t h e  presence of adequate ven t i -  
l a t i o n s ,  F igure  A-1 i n  t h e  appendix 
graphs  t h e  number of f r i c t i o n a l  i g n i t i o n s  
and a s soc i a t ed  i n j u r i e s  and f a t a l i t i e s  
per  year  during most of t h e  1959-81, De- 
ta i ls  of t he se  i n c i d e n t s  w i l l  be found i n  
t a b l e s  A-1 t o  A-8, F igure  A-2 graphs 
s i m i l a r  d a t a  f o r  n o n f r i c t i o n a l  i g n i t i o n s ;  
d e t a i l s  of t he se  i n c i d e n t s  w i l l  a l s o  be 
found i n  t a b l e s  A-1 t o  A-8, C l a s s i f i c a -  
t i o n  of t he  causes of minor i g n i t i o n s  is  
graphed i n  f i g u r e  A-3, It w i l l  be seen  
t h a t  continuous miner b i t s  cause f a r  more 
i g n i t i o n s  than  a l l  o t h e r  causes combined, 
To complete t h e  s t o r y ,  f r i c t i o n a l  i gn i -  
of human f a i l u r e s ,  Overa l l ,  however, t i o n ,  gas  i g n i t i o n s ,  and dus t  i g n i t i o n s  
economical l abo ra to ry  research ,  close- i n  s u r f a c e  f a c i l i t i e s  a r e  l i s t e d  i n  
l y  c o r r e l a t e d  wi th  t h e  more expensive t a b l e  A-9, 
FINAL NOTE 
During t h e  f i n a l  p r e p a r a t i o n  of t h i s  
r e p o r t ,  t h r e e  more major e x p l o s i o n s  oc- 
c u r r e d  i n  c o a l  mines i n  Appalachia.  On 
December 8 ,  1981, a n  e x p l o s i o n  k i l l e d  
e i g h t  miners  i n  t h e  Adkins Coal Co. Mine. 
No. 18,  i n  Topmost, Ky. On t h e  nex t  day,  
1 3  miners  were k i l l e d  i n  a n  e x p l d s i o n  i n  
t h e  Dogwood F l a t s  Mountain Coal Mine 
of t h e  Grundy Mining Co. , a  s u b s i d i a r y  
of  t h e  Tennessee  C o n s o l i d a t e d  Coal Min- 
i n g  Co. T h i s  mine i s  l o c a t e d  n e a r  Pal -  
mer, TN. F o r t y - t h r e e  miners  s u r v i v e d  t h e  
e x p l o s i o n ,  which o c c u r r e d  when one of t h e  
v i c t i m s  used a c i g a r e t t e  l i g h t e r  i n  
a n  e x p l o s i v e  methane-air  mix tu re  t h a t  
accumulated as a  r e s u l t  of i n a d e q u a t e  
v e n t i l a t i o n  i n  003 s e c t i o n .  
Yet a n o t h e r  e x p l o s i o n  o c c u r r e d  on Jan- 
u a r y  20,  1982, i n  RFH Mining Co. 's Mine 
No. 1  i n  Floyd County, Ky. Seven miners 
were k i l l e d  i n  t h i s  b l a s t ,  which appar-  
e n t l y  r e s u l t e d  f rom t h e  i g n i t i o n  of g a s  
and c o a l  d u s t  by b l a s t i n g .  I n v e s t i g a t o r s  
concluded t h a t  t h e  e x p l o s i o n  o r i g i n a t e d  
i n  t h e  No. 5  room of t h e  001 s e c t i o n .  
Coal d u s t  was i g n i t e d  by f lames f rom t-he 
e x p l o s i v e s  when t h e  developing c r o s s c u t  
between t h e  Nos. 5  and 6  rooms was s h o t  
th rough  i n t o  t h e  No. 5  room. Flames from 
t h e  e x p l o s i v e s  were no t  c o n t a i n e d  w i t h i n  
t h e  limits of t h e  c o a l  being s h o t  owing 
t o  a blown-out o r  a blown-through s h o t .  
Flame a n d / o r  maj o r  f o r c e s  of t h e  explo- 
s i o n  p ropaga ted  f rom t h e  f a c e  a r e a  of t h e  
No. 5  room, t r a v e r s e d  t h e  e n t i r e  mine, 
and t r a v e l e d  t o  t h e  s u r f a c e .  S u r f a c e  
f a c i l i t i e s  t h a t  were i n  d i r e c t  l i n e  of 
t h e  f o r c e s  coming o u t  of t h e  mine were 
e x t e n s i v e l y  damaged. 
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APPENDIX 
FIGURE A-1. - Number of fr ict ional ignit ions and associated in jur ies and 
fatal i t ies per year, 1959-80. 
FIGURE A d .  - Number of nonfrictional ignitions and associated i n  juries 
and fata l i t ies per year, 1959-80. 
FIGURE A-3. - Number of minor ignit ions and explosions by cause, 1959-80. 
KEY FOR TABLES 
A = Anth rac i t e  
CM = F r i c t i o n a l  i g n i t i o n  from cont inuous miner b i t s  
Cut. = F r i c t i o n a l  i g n i t i o n  from c u t t e r  b i t s  
C/W = Cutt ing and/or  welding 
D r i l l  = F r i c t i o n a l  i g n i t i o n  by roof d r i l l  b i t s  
E l e c .  = E l e c t r i c a l  a r c  
Expl. = Explosive 
F = F a t a l i t i e s  
FSL = Defect ive flame s a f e t y  lamp 
I = I n j u r i e s  
LW = Longwall b i t s  
OF = Other f r i c t i o n a l  
ONF = Other n o n f r i c t i o n a l  
X = Mult ip le  en t r ies - - repor t  l i s t s  more than  one p o s s i b l e  cause of i g n i t i o n s ,  and 
i n c i d e n t  is  l i s t e d  under each. This accounts  f o r  discrepancy i n  adding 
columns and t o t a l .  
? = Cause unknown o r  not  y e t  s p e c i f i e d  










































































Loveridge............................... ..... do.................................. 
//7 (Peerless)... . . . . . . . . . . . . . . . . . . . . . . . . . .  
//5 (Pitfair)... . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e l m s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#1 ( P h i l l i p s  6 West)...................... 
R o b e n a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peca Shaft................................ 
Buck Mountain Slope....................... 
Lake Superior  / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o l v e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/I27 I s l and  Creek .......................... 
Compass //2................................ 
Moss / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dutch Creek............................... 
Lancashire  /I15............................ 
Compass //2.. .............................. 
















































































































































































































H4 & 6 Slopes (Zerbe)..................... 
Nelms //2.................................. 
B e s ~ i e . . . . . , . . . . . . . . . ~ ~ . ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ . ~ ~ ~  
Dorothy Mae //7..................ee..e..eee 
"A" #lO....e.........e.e.eeeee.eeeeeeeeeee 
Compass //2.................ee.eeeeeeee.eee 
Olga //l....e............e.eee.eeeeee e.ee. 
Dutch Creek,.............ee.eee.ee..eee.ee 
Enoco C ~ l l i e r y . . . . . . . . . . . ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ . ~ ~ .  
//3 Rock Sl~pe.................~~~~~.~~~... 
Lucerne //3~................eeeeeeeeeee..ee 
/I1 Slope (Mason Herd)..............ee.ee.. 
Wharton //3.................eeee.eeeee.eee. 
Phillips //l.................e.eeee..ee..ee 











/I16 (OfQuinn)..........eee.eee.ee. ........ 
Moss //2.................eeee..eee.eeeeeee. 
//5 (Omar)..............e.e.e.ee..ee.eee.ee 
//2 (COB, & H o ) e e . e e e e e e e e o e e e e e e e e e * e o o e e o  
Glen Rodgers //2.. ..~............eee...ee.. 
//5 (Phillips).........ee.e.eee..eeeeee.... 
Lynn Camp //l.................eee.ee~eeeeee 
Holmes Slope.............................. 




Marianna / 1 5 8 . . . . . . . . . . . . . . . . e e e . . e . e e e e e e .  
TABLE A-1. - I g n i t i o n s  and  e x p l o s i o n s ,  1959-68--Continued 












D a t e  
1 1 / 1 8 / 6 1  
1 2 / 1 2 / 6 1  
1 2 / 1 4 / 6 1  
0 1 / 1 0 / 6 2  
0 1 / 1 1 / 6 2  
0 2 / 0 2 / 6 2  
0 2 / 0 5 / 6 2  
0 2 / 0 7 / 6 2  
0 4 / 0 4 / 6 2  
0 4 / 0 9 / 6 2  
0 5 / 2 4 / 6 2  


















































#13 ( V i r g i n i a  C i t y )  ..................a.a...
F e d e r a l  //l................................ 
12 & 113 Slopes............................ 
i/2 (B lue  Blaze)........................... 
i16 (Pound).  ............................... 
N e l m s  #2.................................. 
Glen Burn Colliery.. . . . . . . . . . . . . . . . . . . . . . .  
do................................... ..... 
/I2 (Wilroe) . . . . . .  ......................... 





Elec .  
E lec .  
Expl .  
CM 
Expl.  
Expl .  
D r i l l  
Smoking 
? 
Elec .  
Elec .  
OW 




Elec .  
Rock f a l l  
Elec .  
CM 
Elec .  
CM 
Smoking 
Elec .  
CM/Elec. 












Elec .  
OF 
E lec .  
CM 
Elec .  
E lec .  
E lec .  
Expl .  
ONF 
0 6 / 0 6 / 6 2  
0 6 / 1 2 / 6 2  
0 7 / 1 2 / 6 2  
0 8 / 0 7 / 6 2  
0 8 / 0 9 / 6 2  
0 8 / 3 1 / 6 2  
0 9 / 0 7 / 6 2  
0 9 / 2 8 / 6 2  
1 0 / 0 2 / 6 2  
1 0 / 2 3 / 6 2  
1 0 / 2 5 / 6 2  
1 1 / 1 2 / 6 2  
1 1 / 1 5 / 6 2  
1 1 / 2 1 / 6 2  
1 1 / 2 9 / 6 2  
1 2 / 0 6 / 6 2  
1 2 / 1 4 / 6 2  
1 2 / 2 4 / 6 2  
0 1 / 0 4 / 6 3  
0 1 / 0 4 / 6 3  
0 1 / 0 8 / 6 3  
0 1 / 1 4 / 6 3  
0 1 / 2 9 / 6 3  
0 1 / 2 9 / 6 3  
0 2 / 0 4 / 6 3  
0 3 / 0 3 / 6 3  
0 3 / 1 3 / 6 3  
0 3 / 2 0 / 6 3  
0 4 / 0 8 / 6 3  
0 4 / 1 2 / 6 3  
0 4 / 1 6 / 6 3  
0 4 / 1 7 / 6 3  
0 4 / 2 5 / 6 3  
0 4 / 2 5 / 6 3  
0 5 / 1 4 / 6 3  
0 5 / 2 7 / 6 3  
0 7 / 1 7 / 6 3  
Loyal..  ................................... 
i /3 ( F i e l d s  Creek)........ ................. 
i1131 Slope................................ 
Banning # / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#I1 ( G r i m s l e y v i l l e )  ........................ 
Wattis i / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... d~.......~.......... 
Moss i/3................................... 
Robena.................................. 
D e k o v e n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kenilworth................................ 
Skidmore Slope............................ 
Mar ianna  //58.............................. 
i/5........................................ 
Top S p l i t  Mammoth Seam.................... 
Robena.................................. 




Moss / / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/I40 Slope................. ................ 
Glen Burn Colliery........................ 
Moss #/2................................... 
Skidmore Slope............................ 
I tmann / I 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oakwood................................... 
B i r d  / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i /4 Acton.................................. 
Moss / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F o r g e r  Slope.............................. 
B i r d  i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Compass # / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . w . . . .  ..... d~..........~........ 


































































































Lancashire  //15......................m...a. 
mat hie^..................^................ 
Dr i f t on  //l................................ 
Moss //2..............,.................... 
Compass //2................................ 
R~bena.................~.................. ..... d~............~.~..~.~.~.......~... 
Ernes t  #3................................. 
..... do.................................. 
Dutch Creek............................... 
112 (Carbon Fuel).......................... 
Westwood Slope............................ 
Dutch Creek............................... 
Sednarczyk /I2 & 3 Slopes.................. 
Moss //2................................... 
Ireland..............~.....a.....~...... ..... do................................. 
Cres~ent................~................ 
Mari~n~.~~...~...................~........ 












//2 (Alabama Rod Ash)...................... 
Robena.................................. 
Moss //2................................... 
/I9 Vein South Main Slope.................. 
Dekeven //6................................ 
Gate~ay............~~~~~~.....~~~~~~.~...~ 
//6 ( I s l a n d  
Nelms //2..................aaaaa......aaaaa 
Dutch Creek..............aaa.a..maa.aaaaaa 
Lady Dunn #107..................a.aaa...a. 






















































































































































TABLE A-1. - Ignitions and explosions, 1959-68--Continued 
Date 
Sunnyside #3.................~a~~~~~...... 
Middle Split Slope........................ 
Bird #3.................~....~~~.~.~.ee~.. 
Dekeven i /6... . . . . . . . . . . . . . . .aa... . . . . . . .a. 
#5 (Horn & Whited)a.....a.a..e...a........ 
Clyde..............a~a.~~..~.e.~a...~..~.. 
#217  slope.....................^.......... 
Delmont 10B..................e.~...a..a~.a 
Moss #2................................... 
Pleasant  vie^^........^^......^...^^.....^ 














#5 (Pilgrim Knob)......................... 
Sunnyside #l.................a.a.aea...... 
Moss # 2 . . . . . . ~ ~ . . . . . . . . ~ . . . . . . . . . . * . . . . . . .  
I 
I Mine 











~ . . . ~ d ~ a ~ ~ ~ . a ~ ~ ~ a . . ~ ~ a ~ a a ~ a ~ ~ a ~ a ~ ~ ~ a ~ ~ ~ ~ ~ ~  
e ~ ~ . ~ d ~ ~ ~ ~ ~ ~ a ~ ~ ~ . ~ . ~ ~ a a ~ ~ a ~ ~ ~ * a a ~ ~ ~ ~ a a ~ ~ ~ ~  
Compass #3...................a.~.~~a....a. 
Flat  TO^^....^.,^..,,..,^^.....^.......... ...... H i l l s b o r o . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Keystone /l..........a.ea... 
#11 (Pennington Gap)...............a.a.... 
Keystone //la..a.a...a.a.aaaa...a.....a.... 
Brule / / 4 a e a a a a a a 0 a 0 a 0 a a a 0 0 0 a a a 0 a 0 0 0 a a 0 a m a m  



















































































































































































S h a n n o p i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... do...,,,....,.bbbbbb.b..b..b..bb.bbbb 
#1 Lykens Vein Slope...................... 








S i l t i x . . . . . . . . . . . . . . b b b . b b b b b b b b b . b b b b . .  
Concord !/l..........b......bbbbbb.b.bbbbbb 
Warwick !/2......,.......... 
Huber C o 1 1 i e r y . . . . . . . . . . . . . . . . . . . . . . . . . . . .  








!I1 Dutch Creek......bbb...b.bb..b..bbbbbbb 
Lancashire !/24............................ 
M a t h i e s . . . . . . . . , , . . . . . . . . . . . . . . . . . . . . . . . .  










Gateway............b......bbbbbbbbbbbbbbbb ..... d ~ . . . . . . . ~ . . . . ~ ~ . . . ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . .  
Dekeven !/6.b............b..bbbbbb..bb..b.. 
Rose Valley H6.................bbbb.bbb.b. 
!I1 (Island Creek)...........b.bbbbbbbbbbbb 
Osage #3..................b.bbbbbb.bbbbbbb 
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- - - - 
Mine 
/ , lo  ( S l a b  Fork)........................... 
Howe i/l................................... 
R o b e n a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ill Dutch Creek............................ ................................. Howe ill.. 
Robinson Run //95.......................... 
f 2  (Carbon Fuel).......................... 
Concord fl................................ 
Gateway................................... 
B l a c k s v i l l e  ill............................ 
Gateway................................... 
Lambert Fork.............................. 
Keystone 3 B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Skidmore Slope............................ 
A t r i a n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Howe ill................................... 
Z e i g l e r  i l 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Loveridge................................. 
Concord ill................................ 




Fede ra l  i / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Howe ill................................... 
MOSS # 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Howe ill................................... 
il2 (Carbon Fuel).......................... 
Howe i/l................................... 
Concord ill................................ 
ill Cedar Grove............................ 
Concord ill................................ 
Maple Creek............................... 
MOSS i / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ill Cedar Grove............................ 
Howe i/l................................... 
Eagle i / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
South Dip Skidmore Slope.................. 
Howe ill................................... 
. . o . o d ~ . . o . . . . . . . . . . m * e o o o m * o o o * * o e e e o o o e o  
Blacksville............................... 
ill8 ( W o n a m i e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Forge Slope............................... 
Seggo il2.................................. 
il31 (Carbon Fuel)......................... 
Vesta il5.................................. 























































S t a t e  
WV 
















































































































































































































































































Loveridge.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Somerset... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Howe //l.,................................. 
J~anne......................~.~.......~.. 








Williams.... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




O t s e g o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lambert Fork.............................. ..... do.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
//1 Cedar Grove............................ 
B l a c k s v i l l e  / / l . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Howe / / l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... d~. . . . . . . . . . . . . . .~ . . . . . . . . . . . . . . . . .~  
//1 Cedar Grove............................ 
St .  Charles............................... 
Maple Creek............................... 
V i rg in i a  Pocahontas //2.................... 
Williams.... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Homer City................................ ..... d~.........,..............~.......... 
L.S. Ward................................. 
Pyro //2................................... 
Howe / / l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Homer City................................ 
/I15 & 16 (F in l ey )  ......................... 




D i x i a n a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Howe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R o b e n a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gateway..........,...................... 
Olga.................................... 
Howe //l,.................................. ..... d~ . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . ~ .  
Forge Slope............................... 
V i rg in i a  Pocahontas //4.................... 
Howe / / l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... d ~ . . . . . . . . . . . . . . . ~ . . . . . . . ~ ~ . . . . . . ~ .  
TABLE A-2. - I g n i t i o n s  and exp los ions ,  1969-80--Continued 














































































































































































































Rock f a l l  
D r i l l  
Mine 
Howe {/l................................... ..... do................................... 
Nelms //2.................................. 
Vesta i l5.................................. 
/I1 Cedar Grove............................ 
D o t i k i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Howe / l l . . . . . . . . . . . . . . . . . . . . m . . . . . . . . . . . . . .  
il3 Carbon Fuel............................ 
Eagle ill.................................. 
/I3 Carbon Fuel............................ 
Eagle ill.................................. 
Howe ill................................... 
F lorence  il2............................... 
Howe ill................................... 
Humphrey il7............................... 
il3 Carbon Fuel............................ 
Eagle //2.................................. 
Concord ill................................ 
Eagle ill.................................. ..... do.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... do.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nelms il2.................................. 




Bishop.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V i r g i n i a  Pocahontas il2.................... 
K e p l e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Virg in i a  Pocahontas //3.................... 
i16 (Sue).................................. 
V i r g i n i a  Pocahontas ilZ.................... 
V i r g i n i a  Pocahontas #3.................... 




Z e i g l e r  i/9................................ 
Itmann il3................................. 
Concord ill................................ 
Greenwich C o l l i e r y  ill..................... 
V i rg in i a  Pocahontas //3.................... 
Maple Creek il2............................ 
Bishop................................... 
Robinson Run il95.......................... 
Eagle ill.................................. 
V i r g i n i a  Pocahontas il2.. ................ .. 
Robinson Run il95.......................... 
Virg in i a  Pocahontas ill.................... 
V i r g i n i a  Pocahontas il3.................... 
Marianna il58.............................. 
TABLE A-2, - Ign i t ions  and explosions,  1969-80--Continued 
Virg in ia  Pocahontas #2.. .................. 
#3 Carbon Fuel............................ 
W a b a s h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Virgin ia  Pocahontas !/l.................... 
K e p l e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bird / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eagle //1.................................. 
Lancashire i / 2 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cambria Slope / / 3 3 . . . . . . . . . . . . . . . . . . . . . . . . .  




. . . . . d ~ . . . . . . . . . . . . . ~ * ~ * ~ ~ * * ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
Maple Creek # 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#1 Cedar Grove............................ 
Vi rg in ia  Pocahontas K3.................... 
#33-37 (Bishop)........................... 
Itmann i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nelms # 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K32 (Bethlehem)........................... 
Gateway................................... 
#4 (Oakwood Red Ash)...................... 
Eagle i/l.................................. 
Beatrice.................................. 
Vi rg in ia  Pocahontas #4.. ... .. .......... ... 
Virginia Pocahontas //2.................... 
#1 Cedar Grove.......;.................... 
Itmann i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t e  
WV 
Mine 
Itmann # / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Moss //2................................... I VA / 1-0 ' / ~ o c k  f a l l  
. . . . . d ~ . . . . . . . . . . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
Moss //2................................... 
Virginia Pocahontas //4.................... 
Maitland.................................. 
Itmann d l 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#50 Pinnacle Creek........................ 
Maitland,................................. 
Cambria Slope i l 3 3 . . . . . . . . . . . . . . . . . . . . . . . . .  
Virgin ia  Pocahontas #4.................... 
Vi rg in ia  Pocahontas #2.................... 
Maltland.................................. 








J ) e h u e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maitland.................................. 
Beatrice.................................. 
Virginia Pocahontas !/3.................... 
Oak Park /7................ 
Blacksvi l le  //l............................ 




D r i l l  















































/I36  bishop)...........................^.^ 




~ a r i o n  .................................... I PA I 





I Beech Fork................................ 
Oak Park //7............................... 
Loveridge................................. 
Oak Park //7............................... 
//1 Cedar Grove............................ 
/I50 P innac le  Creek........................ 








U.S. P ipe  / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Meigs //2.................................. 
V i r g i n i a  Pocahontas //4.................... 
/I20 (Stirrat)............................. 
V i r g i n i a  Pocahontas //4.................... 
. o o o . d ~ . . . . o o o o o . . . o o * * o o o o o o * * * * o * * * * * * * o  
Beech Fork................................ 
K i t t  //l.................*****......******* 
B i ~ h ~ p o o . o . . . . . o o o o o o * e * o * o o * * * * * * o o o o o o * *  
Kitt //l.....................*******......* 
U.S. Pipe / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




U.S. P ipe  / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e c k l e y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maitland.................................. 
Nelms //2.................................. 
Itmann / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bird / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Keystone //5............................... 
Bear Creek //4............................. 
Beatrice.................................. 
Royal //5.................................. 






















































































































































U.S. Pipe / / 3 . . . . . . . . . . . . . . . . . . b b b b b b b b b b b b  
Bear Creek //4.................bbbbb.bbbb.b 
Dutch Creek //2.................bbbbbbbbbbb 
Mulga..............b..bbb.bbbb.bbbbbbbbbbb 
Virginia Pocahontas //3.,.................. 
Virginia Pocahontas #5,................... 
U.S. Pipe //3.........b.......bb.b..b.b.... 
Mulga..............bb.bbbb.b.bb.bbbbb.bbb 
M~Elroy~....~......~.~~......~~~.~.~~..~~. .................................. Osage #3 
U.S. Pipe //3...............b.b.b.b...bbb.b ..... d~........,.~........~~.~~~~.~..... 
#51 Bethlehem.................bb.b...bb..b 
Osage //3....b....b.......bb...b.bbb.b.bbb. 
Dutch Creek //2...,........................ 
Cambria Slope //33....b..b.bb.....b.bb....b 
Virginia Pocahontas #4,,.,,,..,.,,,.,.,... 
Virginia Pocahontas //5..,,..,,.,,,,,..,,.. 
Itmann !/3...,...,........,.bbbb..bb..bbbb. 
Osage //3...........b.......b.bb.bb..b.b.bb ..... d~.......~........~..~.~~~~~....... 
Maple me ado^....,........^........^...^^^. 
Itmann i / 3 . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Deh~e........~......~.~~~~...~~..~........ 
Itmann //3..., ............................. 
Beatri~e.,.~......~.~.~~~~.~....~.~....... 
Jewel 18 (~ower Je~el)~..~......~........~ 
Virginia Pocahontas //4...,.,..,,.......... 
Virginia Pocahontas #l......,............. 
U.S. Pipe #3....b.............b....b..bb.b 
Be~kley...............~....~..~..~....~~.~ 











Dutch Creek ill. ........................... 
Itmann //3................................. 
//3 Carbon F~el.....,,~.....~.~....~~.....~ 
Virginia Pocahontas //4.................... 
Beckley # l . . . . . . . . . . . . . . . . . . . b . . b . b b b . . b b .  
Beatri~e~..~.~.....~.........~....~~...~~~ 
Vesta !/5.. ................................ 
Hamilton / / l . . . . . . . . b . . . . . . . . . . . b b b b . b . . b . .  
Olga................bb..b..b........b.b... 



































































































































































TABLE A-2. - Ignitions and explosions, 1969-80--Continued 
Mine 























































Vesta i/5..,............................... ........................ Robinson Run #95.. 
Hamilton i/1............................... 
i/4 (Wolf Creek)........................... 
> 
. e e  e e d ~ . e e e e . e e e e e e e e e e e e e e e e e e e e e e m e e e e e e  
Keystone ~/l.e.............e..eeeeeeeeeeeee 
U.S. Pipe i / 3 . e . . . . . e . . . . . . . . . e e e . . e e e e e . . .  
Virginia Pocahontas i/4.......,... 
Keystone #1............................... 
Robinson Run ~/95~,..ee..,...ee,......eeee. 
Lancashire #20...ee...............e....... 





B i s h o p e e e e e e e e e e e e . e e e e e e e e e e e e e e e e e e e e e e e  
Lucerne i / 6 . . . e e e e . e e . e e . . . . e e e e e e e e e e . . . e e  
i/3 Carbon F u e 1 . . . . . . , . . . . , . . , . . . . . . . . . . . . .  
~itland.eeee..e.ee..e..eeeeee......e.ee.. 
Beech Fork..eeee...eee..e..eeeeee....eeee. 








B e c k 1 e y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mulga..................................... 








M c E ~ ~ o ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lady Dunn i/105............................ 
Moss i / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . e . . . . . . . .  
Cambria Slope i/33.,......e.......ee.ee.... 
Beckley i/l..........................,... 
Federal i/l.................eeee......e...,,. 
Flat Top Water Pumping Shaft...,........,. 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ii3 ( J .  Walter)............................ 
B e c k l e y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




V i r g i n i a  Pocahontas i/4.................... 
Na t iona l  Poca............................. 
Robinson Run //95.......................... 
V i r g i n i a  Pocahontas i/4.................... 
Braz tah  / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
//4 (Oakwood Red Ash),............,........ ..... do.................................. 
i/2 (P&P).................................. 
i/1 (Ter ry  Glen)........................... 
i / 1 2 A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maitland.................................. 
#236 (Amfgo)....... ....................... 
B~s~oP.........................~........ 
Cambria Slope i / 3 3 . . . . . . . . . . . . . . . . . . . . . . . . .  
Maitland................................. 
Lick Run.................................. 







Keystone / / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . .  
o o o o o  d~ooooooooooooooooooooooooooooooooooo 
Robinson Run i/95.......................... 
Braztah i/5................................ 
J e n s i e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Keystone //5............................... 
Sunnyside i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#3 ( J .  Walter)............................ 
Lucerne #6................ 
V i r g i n i a  Pocahontas..-..................... 
Consol i/20............................,... 
Beatri~e....................~.....~...~... 
Greenwich C o l l i e r y  #2..................... 
Cambria Slope # 3 3 . . . . . . . . . . . . . . . . . . . . . . . . .  
Loveridge................................ 
Consol i/20................................ ..... do.................................. 
Oak Grove................................. 
Consol ii20................................ 
//4 ( J .  Walter)............................ 
i/3 ( J ,  Walter)............................ 
















































D r i l l  
CM 
D r i l l  
CM 
CM 




























































































































































































































































































































































































































































































































TABLE A-2. - I g n i t i o n s  and exp lo s ions ,  1969-80--Continued 
Date  .m 
e.d~me..* 
Braz tah  i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i17 ( J .  Walter)............................ 
LovericZge................................. 
Emerald ill................................ 
Itmann / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Braztah i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i13 ( J .  Walter)............................ 
MOSS //2................................... 
Loveridge................................. 
- - pp - -- 
~ i n e  - 
i/3 ( J .  Walter)............................ 
N e b o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
King i/5................................... 
Valley Camp i l 1 5 - A . . . . . . . . . . . . . . . . . . . . . . . . .  
Braztah i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Emerald i/l................................ 
Val ley Camp il3............................ 
MOSS i/2................................... 
King /l5................................... 
Braz tah  i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i13 ( J .  Walter)............................ 
Braztah / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i13 ( J .  Walter)............................ 
Braz tah  / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Keystone ill............................,.. 
Maple Meadows............................. 
Arkwright Xl...... . . . . . . . . . . . . . . . . . . . . . . . .  
Braztah / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cambria Slope i l 3 3 . . . . . . . . . . . . . . . . . . . . . . . . .  
Maple Creek il2............................ 
Braz tah  i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Consol il20................................ 
il3 ( J .  Walter)............................ 
Sunnyside ill.............................. 
King il5................................... 
B e c k l e y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Braztah / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  








Braztah i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beckley i/l,............................... 
Homer City................................ 
Braz tah  i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oak Grove................................. 
.d~....~..*e 
Braztah / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Consol il20................................ 
i13 ( J .  Walter)............................ 





D r i l l  
CM 















































TABLE A-2. - Ignitions and explosions, 1969-80--Continued 
Date 
06/25/79 
King i / 5 . . . . . . . . . . . . . . . . . m * m * m m m * a * a . * m * . e *  
Oak Gro~e......~.......~~.~~~~~~.~~.~~.~.~ 
King //5................................... 
Chancy Creek / / 2 e e . e . . . . . . . . e e . e e m e a m e m a e e e  
Cambria Slope / /33 , . . . . . . . . . . . . . . .ee .em.eme 
Braztah / /3... . . . . . . . . . . . . . . .m.me.ee.em.e.e 
Homer Citye..e.e..e.....emeemmmmmmaeae.mme 
i /5  (J. Walter)............mmmmmmm.mmemmeee 
Braztah ~ / 3 . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . .  
Lucerne %6................................ 
Dutch Creek / / 2 . m . . m . . . e . m . m m . . . e m . e e m e e e a .  
Itmann i / 2 , . . . m m m m m m . . . m . m , m m m m m m m e m e e m a e e e  
/ I50 Pinnacle 
King //4................................... 
m m m a e  d ~ e m e m m m . e a m e e m a a m a e e e m a e e m e e e e e m e m e m  
/ /4 (J. Walter)............emmmemeeeeememea 
Emerald ~/l...................e.mmeeeemmmae 
Itmann / / 3 . . . . . . . . . . m . . e . m . m a . m m m m e e m e m . m e e  
Beckley ~~l.................mamemmeeeeemaee 
m . m m m d ~ m m ~ a m a m . e m e m m m m . m e m e m m e . m m e e e e m e e a e  
Maple Creek /I2 .........'.................em 





I Federal # 2 . . . . . . . . . . . . . . . . . e m m m m a e a e a e m e e e  
m a m m e d ~ . m m m m m m m m m m m m a m m m m m m m e m m a . a . . m m m e m .  
i / 3  (J. Walter)............ammemamm.m.aeeme 
Emerald i / l .m..... . .m..e..e.aeee.eeeeeeeeem 




m e m m m d ~ m m m . m m m e m a m e m m m m e m m ~ m m a m m e a ~ m e e e e m e  
/I3 (J. Walter)............emeameememmmeeme 
//7 (J. Walter)............emmemmmaem.ee.em 
King i/5................................... 
Emerald ~/l.......,e........mmaemememeeeeee 
m e e m a d ~ m a m e m m m m m m m e m a m m m m m a m m m e m m a e a e m e m m m  
Itmann / /3 ...........................e.... 
Consol / /20... . . . . . . . . . . . . .mmmm..m...e.em.. 
Oak Grove,e........a...mmm.mememmmeamm.mmm 
Loveridge................................. 
Federal / / 2 m . . . . . . m . . . . . . . . . . m m m m m a a a m a e . m e  


















































































D r i l l  
































D r i l l  
LW 












































































































i/3 (J .  Walter)............................ ..... d~................~.. ..... do................................... 
York Canyon............................... ..... do................................... 
Price River # 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e c k l e y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i/3 (J .  Walter)............................ 
i/7 (J .  Walter)............................ ..... do.................................. ..... do,.................................. 
Emerald # l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Federal #2... . . . . . . . . . . . . . . . . . . .a..m... . . .  ................ /I33 (Bishop).............. 
North River i/l............................ 
Maple Creek #2............................ 
Bessie.................................... 
Osage # 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thompson Creek # l . . . . . . . . . . . . . . . . . . . . . . . . .  
i/5 (J.  Walter)............................ 
Price Biver i / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i/5 (J .  k l t e r ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i/7 (J.  Walter)............................ 
Greenwich Coll iery i / 2 . . . . . . . . . . . . . . . . . . . . .  
i/3 (J .  W o l t e r ) . . . . ~ . . . . . . . . . . . . . . . . . . . . . . .  
Oak Grove,................................ 
Bonny..................................... 
i/3 (J .  & l t e r ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beckley # l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... do.................................. 
#7 (J .  Walter)............................ 
i/3 (J.  W l l t e r ) , . . . . . . . . . . . . . . . . . . . . . . . . . . .  
k h u e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Be~kley............................~.... 
i/7 (J.  Walter)............................ 
Bessie................................... 
Greenwich C~lliery............~.....~..... 
Greenwich Coll iery #2..................... 
Keystone #2............................... 
i/7 (J .  Ualter)............................ 
Price U v e r  # 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thompson Creek i/l......................... 
P36 (Bishop).............................. 
#7 (J. U a l t e r ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M u l g a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#7 (J .  Y e l t e r ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Emerald # l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Price River # 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#3 (J .  W . l t c r ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bonny..................................... 
#3 (J .  k l t e r ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TABLE A-2. - I g n i t i o n s  and explos ions ,  1969-80--Continued 
/I7 ( J .  Walter)............................ 
P r i ce  River / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
King //5................................... 
Eagle / / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beckley # 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .  





Beckley / / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
#5  ( J .  Walter)................... ......... ...... /I7 ( J .  Walter)...................... 
Osage / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i.13 (J. Walter)............................ 





Cambria Slope / / 3 3 . . . . . . . . . . . . . . . . . . . . . . . . .  
Emerald //lo............................... 
Arkwright //l.............................. 
P r i ce  River / / 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mine 
//3 ( J .  Walter)............................ 
..... do................................... ..... do........................... ......... 
/I3 ( J .  Walter)............................ 
North River //I............................ ......................... //4 ( J .  Walter)...  
//3 ( J .  Walter)...  ......................... 
Beckley i./l................................ 
#4 ( J .  Walter).......... .................. 
Beckley 1 / 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i/50 Pinnacle  Creek........................ 
//3 ( J .  Walter)............................. 
Beckley i/Z................................ 
//5 ( J .  Walter)............................ 
//3 ( J .  Walter)............................ 
i/4 ( J .  Walter)............................ 
/I50 Pinnacle  Creek........................ 
P r i c e  River //5............................ 
L. S. Wood //3 ............................ 
#4 ( J .  Walter)............................ 
Dutch Creek / / 2 . . . . . , . . . . . . . . . . . . . . . . . ~ . . . . .  
Bessie.................................... 
Dents Run................................. 
i/4 (J .  Walter)............................ 































































































12/31/801 Emerald I/l................................ I PA I 0-0 I CM 
TABLE A-3. - I g n i t i o n s  and e x p l o s i o n s  c l a s s i f i e d  by cause ,  1959-68 
TABLE A-4. - Summary of i n j u r i e s  by cause ,  1959-68 
F r i c t i o n a l :  
Cont inuous  miner....... 
Cutter.. . . . . . . . . . . . . . . .  
Longwall............... 
Drill.................. 
Rock f a l l . .  ............ 
Other .  ................. 
Total . . . . . . . . . . . . . . .  
Nonf r i c t i o n a l :  
Electrical............. 
Explosive.............. 
C u t t i n g  a n d / o r  welding.  
Smoking................ 




Not classif ied. . . . . . . . . . .  

















F r i c t i o n a l :  
Cont inuous  miner....... 
Cutter................. 
Longwall............... 





































































Rock fall.............. I - 
Other.................. 
Total............... 
Nonf r i c t i o n a l :  
E l e c t r i c a l . .  ........... 
Explosive.............. 
C u t t i n g  and /o r  welding.  
Smoking................ 
D e f e c t i v e  f l ame  s a f e t y  
lamp.................. 
Other.................. 
T o t a l  ............... 
Not classif ied. . . . . . . . . . .  

































































































































































































































TABLE A-5. - Summary of f a t a l i t i e s  by cause, 1959-68 







































Total.  ............... 
Nonf r i c t i o n a l :  
Electrical............. 
Explosive.............. 
Cutting and/or welding. 
S ~ ~ k i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
Defective flame s a f e t y  
lamp.................. 
Other.................. 
Tota l  ............... 
Not classified........... 












































































F r i c t i o n a l :  
Continuousminer...... 





Tota l  ............... 
Nonf r i c t i o n a l :  
Electrical............ 
Explosive. ............ 
Cutting and/or welding 
S ~ ~ k i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  



















































































































































































2 3  











1 x 2 2 2 5 3 3 1 3  





















109 57 1 67 . 99 
TABLE A-7. - Summary of i n j u r i e s  by cause,  1969-80 
TABLE A-8. - Summary of f a t a l i t i e s  by cause,  1969-80 




Dril l . . . . . . . . . . . . . . . . .  
Rock fall.. . . . . . . . . . . .  
Other................. 
Total.............. 
Nonf r i c t i o n a l :  
E l e c t r i c a l . .  .......... 
Explosive............. 
Cut t ing  and/or  welding 
S m ~ k i ~ . . ~ . . . . . . ~ . ~ ~ ~ ~  




Not c lass i f ied. . . . . . . . . .  




















Dri l l . . . . . . . . . . . . . . . . .  
Rock fall.. . . . . . . . . . . .  
Other................. 
Total.............. 
Nonf r i c t i o n a l :  
Electr ical . . . . . . . . . . . .  
Explosive............. 
Cut t ing  and/or  welding 
Smoking............... 
De fec t i ve  flame s a f e t y  
lamp................. 
Other................. 
T o t a l  .............. 
Not classified... . . . . . . .  
G r a n d t o t a l  ........ 
1970 




























































4 1  
6 
1973 
4 1  - 
- 
2 2  
- 
- 
7 3  
- 

































































































5 -  
- 




































































































4 -  
- 
- 


































































TABLE A-9. - F r i c t i o n a l  and/or  methane i g n i t i o n s  i n  s u r f a c e  




- -  - - -  i n j u r e d  
Location Mine 
I 1 I conveyor i g n i t e d  methane. I 
1962 
Dekoven raw coa l  
tunnel .  
Champion #1 f i n e  
c o a l  dryer .  
02/01 
I p lan t .  I I heater .  I 
1961 
Nature of i g n i t i o n  
S t i r r a t e ,  WV.. Cent ra l  c o a l  
p repa ra t ion  
08/02 
F a t a l  












Dust i n  suspension a t  loading ramp 
i g n i t e d  by flame from o i l  drum 
Joanne c o a l  
thermal  dryer .  
Methane from r a w  coa l  i n  hopper ig-  
n i t e d  by f i lament  of braken l i g h t  
bulb . 
Broken hydrau l i c  l i n e  f e d  vaporized 
hydrau l i c  f l u i d  i n t o  high tempera- 
t u r e  of dryer .  
0 F 
1 I 
Federa l  #I1 




N e l m s  #2 c o a l  
s t o r a g e  s i l o .  
Federa l  81 
thermal dryer .  
No. 6 thermal 
dryer .  
Koppers ton  
thermal dryer .  
Red Wing prepa- 











Grant Town, WV 
Winifrede, WV. 
Kopperston, WV 
Axial ,  CO.. ... 
Sparks from d rye r  furnace  o r  f r i c -  
t i o n a l  h e a t  from i r o n  i n  screw 
0 F 
1 I 
Thermal d rye r  overheated f o r  l ack  
of water ;  i g n i t e d  methane. 
Excessive hea t  i g n i t e d  c o a l  dus t  i n  
furnace ,  cyclone, o r  connecting 
duct  work. 
..... do............................ 
..... do............^....^......^... 
Methane-coal dus t  i g n i t e d  while  
c u t t i n g  hole  i n  discharge chute 
a top  s i l o .  
Dust i n  suspension i n  dry coa l  con- 
veyor i g n i t e d  by sparks  from f i r e  
i n  combustion chamber. 
Hot c l i n k e r s  i g n i t e d  d r i e d  c o a l  
nea r  furnace  door; c o a l  dus t  i gn i -  
t i o n  followed. 
Dust i n  suspension blolwn i n t o  f i r e  
i n  bottom of combustion chamber. 
F r i c t i o n a l  h e a t  from t e e t h  ef 
sprocket  sheaving of f  i g n i t e d  dus t  



















TABLE A-9. - F r i c t i o n a l  and/or  methane i g n i t i o n s  i n  s u r f a c e  
f a c i l i t i e s ,  1959-79--Continued 
Nature of i g n i t i o n  Locat ion Date 
F a t a l  
o r  
i n j u r e d  
Mine 
1 9.6 3 
1 0 / 1 1 '  Coal d u s t  swept from top  of f u rnace  
i g n i t e d  by ho t  s t a c k  emi t t i ng  
spa rk s .  
Moss /I3 prepara-  











b u s t  i n  suspens ion  i g n i t e d  by ho t  
f l y a s h  induced i n t o  d rye r  by ex- 
h a u s t  fan.  
Flame from fu rnace  blown through 
c o a l  f e e d  conveyor. 
Dust i g n i t e d  by smoldering c o a l  i n  
d ryer .  
Dust i n  d r y e r  i g n i t e d  by ho t  mate- 
r i a l  conveyed by t h e  l ouv re  pans. 
Attempted t o  r e l i g h t  f u rnace  i n  an 
exp lo s ive  mixture  of propane and 











Compass /13 t h e r -  
m a l  d ryer .  
Maidon #I3 t h e r -  
m a l  d ryer .  
Saxsewell  t h e r -  
m a l  d ryer .  
Mine /122 thermal  
d rye r .  








Corbin,  KY.... 
03/18 
08/08 
King p r e p a r a t i o n  
p l a n t .  
Moss #3 prepara-  




f i e l d ,  VA. 
09/16 
Coal d u s t  d i spe r s ed  dur ing c leanup 
o p e r a t i o n s  i g n i t e d  by welder. 
Coal dus t  i n  suspens ion  i g n i t e d  
dur ing  a s e v e r e  wind s to rm by a 
"blow back" from furnace.  







Shinnston,  WV. 
1968 
Na tu r a l  g a s  p i p e l i n e  rup tu r ed  and 
i g n i t e d  dur ing  b l a s t i n g  





Loveridge t h e r -  
m a l  d ryer .  
NOS. 7 and 8 
p r e p a r a t i o n  
p l a n t .  
Or ien t  i15 raw 
c o a l  tunnel .  









Fa i rv iew,  WV.. 
S t a n d a r d v i l l e ,  
UT . 
Benton, IL.. . . 
Biggs, KY.. . . . 
Hot c o a l s ,  d i scharged  from cyclone 
d u s t  c o l l e c t o r ,  i g n i t e d  f i n e  c o a l  
 US t 
Coal chu t e  f e l l  a f t e r  being c u t  by 
t o r c h ,  r e s u l t i n g  i n  d u s t  i g n i t e d  
by to rch .  
Making r e p a i r s  t o  b e l t  f e e d e r ,  
methane-air mixture  i g n i t e d  by 
t o r ch .  
Dust i g n i t e d  by burning c o a l  p a r t i -  
c l e s  i n  dryer .  
TABLE A-9. - F r i c t i o n a l  and /or  methane i g n i t i o n s  i n  s u r f a c e  
f a c i l i t i e s ,  1959-79--Continued 
Date  
05/14 
Nature  of i g n i t i o n  
07/29 
Mine 
F a t a l  
o r  
i n j u r e d  
1969 
F e d e r a l  iI2 pump- 
house bu i ld ing .  
1970 
-. . - 
04/20 1 J e n k i n j  ones I J e n k i n j o n e s ,  I Dust i g n i t e d  by smoldering c o a l  o r  I 0 F 
Locat i o n  
Consol /I9 s u r -  
f a c e  bu i ld ing .  
02/14 




Lumberport, WV 02/06 Dust i g n i t e d  when f a n  p u l l e d  ho t  
m a t e r i a l  i n t o  exhaus t  d u s t s  and 
cyclones .  
Gas from boreho le  c o l l e c t e d  i n  
b u i l d i n g  and i g n i t e d  by e l e c t r i c a l  
Farmington,  WV 
Amherstdale,  
WV. 
L igh ted  t o r c h  p laced  on a c e t y l e n e  
t a n k ,  f lame hea ted  oxygen c y l i n d e r  




p r e p a r a t i o n  
p l a n t .  
Robinson Run /I95 





Guyan /I1 prepa- 
r a t i o n  p l a n t .  
06/08 1 Splashdam #2 I Haysi,  VA..... I Lightning set o f f  one h o l e  of b l a s t  I 0 F 
Gas from s e a l e d  s h a f t  l eaked  i n t o  
b u i l d i n g  and i g n i t e d  by e l e c t r i c a l  
a r c .  




Coal d u s t  i g n i t e d  by torch......... 
1974 
I n l a n d  prepara-  





J e f f e r s o n  
County, IL. 
S t r i p .  
Smith & Rogos 
S t r i p .  
10130 
Capta in  Shop.. .. 
- 
Coal d u s t  i n  f r o t h  t ank  i g n i t e d  by 




Bee Hive s u r f a c e  
g a l l e r y  belt 
s t r u c t u r e .  
0 F 
1 I 
C u t l e r ,  IL.... 
O i l  on i n n e r  s u r f a c e  of oxygen reg- 
u l a t o r  i g n i t e d  when oxygen v a l v e  
was opened. 
O r a n g e v i l l e ,  
UT 
Cut o f f  exhaus t  hood; when i t  f e l l  
i t  r e s u l t e d  i n  d u s t  c loud being 
i g n i t e d  by to rch .  




Explosive  vapors  from i n n e r  l i n e r  
and under ly ing  materials of t r u c k  




r a t i o n  p l a n t .  
1 F 
0 I 
Over lying s o i l  and rock caused roof  
t o  c o l l a p s e ;  broken l i g h t  bu lb  
i g n i t e d  d u s t .  
0 F 
0 I 
TABLE A-9. - F r i c t i o n a l  and/or methane i g n i t i o n s  i n  su r f ace  
f a c i l i t i e s ,  1959-79--Continued 
I 1 I 1 i n ju red  
1976 
Locat i on  Nature of i g n i t i o n  Date 
F a t a l  
o r  Mine 
10112 
Oxygen r e g u l a t o r  exploded, probably 
due t o  back charge of ace ty l ene  o r  
o t h e r  combustibles. 




No. 131 prepara- 
t i o n  p l an t .  
..... do......... 
1 1/ 1 1 




Prepara t ion  
P lan t  /,1. 
03/01 
Wharton, W e . .  
01/18 
05/05 
Pump running "on air;"  steam pres-  
s u r e  caused pump t o  burs t .  
Mavisdale, VA. 
Methane l i b e r a t e d  a t  top of w e l l ;  
i g n i t e d  by smoking. 




Oxygen r e g u l a t o r  exploded, probably 
due t o  back charge of acetylene.  




Revloc Mine fI32 




Methane accumulation i n  wellhouse 
i g n i t e d  by e l e c t r i c a l  a rc .  
Keystone, WV.. 
Welch, OK..... 




.. Revloc, PA.. 
Lancashire 125 
c l e a n  c o a l  
s to rage  s i l o .  
091 29 
Horseplay; homemade bomb exploded 






Torch s l a g  i g n i t e d  methane i n  








Methane from borehole i g n i t e d  by 
e l e c t r i c  a r c  from impact wrench. 





Torch used t o  en l a rge  chute  opening 
while  c o a l  w a s  d i scharg ing  i n t o  
s i l o ;  d u s t  ign i ted .  
Welding a t  borehole being d r i l l e d  
i g n i t i n g  methane. 
Jenkin jones ,  
WV. 
No. 51 prepara- 
t i o n  p lan t .  
0 F 
3 I 
High temperature i n  dry ing  com- 
partment i g n i t e d  c o a l  dus t  i n  
suspension. 
..... do....... 
Revloc Mine H33. 
El lsworth,  PA. 
Explosive mixture of o i l  and c o a l  





Boi le r  exploded owing t o  d e t e r i o r a -  
t i o n  of suppor t ing  s t a y s  between 
f i r e b o x  and wrapper shee t .  
0 F 
0 I 
Short i n  sh i e lded  2,300-volt cab le  
t o  submersible  pump i g n i t e d  meth- 
ane a t  borehole. 
0 F 
0 I 
TABLE A-9'. - F r i c t i o n a l  and/or methane i g n i t i o n s  i n  surface  
f a c i l i t i e s ,  1959-79--Continued 











Jenkinj  ones 
thermal dryer. 
07/31 
No. 50 c lean  
coal  s i l o .  
Absaloka........ 
09/17 
Jenkinj  ones 
thermal dryer. 
Nature of i g n i t i o n  
Jenkinjones, 
WV. 
Black Mesa # l  
s to rage  bin. 
-. . . 
Valley Camp P41 
o r  
in ju red  
P inev i l l e ,  WV. 
Hardin, MT.... 
1979
I t m a n n # 3 f a n  
s h a f t .  
ba t tery-  
Hot o r  burning mater ia l  from ther-  
ma1 dryer discharged i n t o  s i l o ;  
dus t  i n  suspension ignited.  
Fine coal  s p i l l e d  o r  bedplates 
ign i t ed  by spark from combustion 
chamber during s t a r tup .  
Keyenta, AZ... 
charging 
s t a t i o n .  
0 F 
0 I 
Propane torch  l e f t  i n  t u b  of drag- 
l i n e ;  torch  went out  and propane 
g a s  accumulation was ign i t ed  by 
another  torch. 
Truckload of coal  inadver tent ly  
dumped i n t o  bin while working with 
Itmann, WV.. . . 
Hot coals  from f i r e  i n  s torage  
shed ign i t ed  dust  wi th in  loadout 
f a c i l i t i e s .  
G i l l e t t e ,  WY.. 01/02 
Jenkinj  ones, 
WV. 







prepara t ion  
plant .  
Atomized f u e l  o i l  being fed  i n t o  
furnace i g n i t e d  by heat  from 
burner. 
Gas i n  s h a f t  i g n i t e d  by s lag  from 
cu t t ing  operat ions.  
Ba t t e r i e s  charged with covers 
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